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DISSERTATION    XII. 

OF       THE 

FORMS  OF  CRTSTALS, 

PARTICULARLY    THOSE    OF 

THE   SPATHACEOUS    KIND. 


§  I.  Irifinite  Variety  of  the  Forms  of  Cryjials. 

CRYSTALS  are  bodies  which,  though 
deftitute  of  organic  ftructure,  yet  exter- 
nally refemble  geometrical  figures,  more 
or  lefs  regular.  If  we  attend  to  the  numerous 
colledions  of  thefe,  we  (hall  be  ready  to  conclude, 
that  nature  has  eSedually  eluded  our  refearch 
by  the  infinite  variety  ;  for  frequently  bodies 
widely  diflfering  in  their  nature  and  properties 
reiemble  one  another  in  figure ;  and,  on  the  con- 
trary, thofe  which  are  exactly  alike  in  properties 
pat  on  external  appearances  entirely  different ; 
Vol.  II,  A  -,  vet. 
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yet,  upon  a  careful  examination  and  compari- 
fon  of  this  variety  of  figures,  we  (hall  find,  that 
a  great  number  of  them,  though  their  furfaces 
differ  with  refped  to  their  angles  and  fides,  may 
be  derived  from,  and  referred  to  a  very  fmall 
number  of  fimple  figures. 

Unlefs  thofe  figures,  which  are  not  improper- 
ly called  primitive,  be  thoroughly  inveftigated, 
the  whole  doftrine  of  cryflallization  will  ftill  con- 
tinue to  be,  as  it  has  been  heretofore,  a  perfeft 
chaos  ;  and  thofe  who  undertake  the  defcription 
of  methodical  diftribution  of  crydallized  bodies, 
will  inevitably  lofe  their  labour.  For  a  feries 
of  years  1  have  confidered  this  intricate  fubjeft 
with  much  attention ;  and  I  hope  that  my  ef- 
forts have  not  been  altogether  void  of  fuccefs. 
I  proceed  to  exhibit  fome  fpecimens  chiefly  from 
the  order  of  fpathaceous  cryftals,  and  fhall  then 
endeavour  to  explain  (as  far  as  can  be  done 
upon  a  plane  furface)  how  the  fpathaceous  cry- 
ftals,  fuitably  agglutinated  together,  may  form 
the  great  variety  of  diffimilar  bodies  which  are 
to  be  found  among  cryflals. 

§  II.  Various  Figures  derived  from  the  fpathace- 
ous Form. 

The  calcareous  fpar,  as  is  well  known,  con- 
fifts  of  a  teffera,  or  oblique  parallelopiped  ;  all 
whofe  planes  are  rhombi  of  fuch  a  kind,  that 

the 
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the  obtufe  angles  are  equal  to  joij.%  and  the 
acute  to  784^^  Let  us  now  fee  how,  by  a  pro- 
per accumulation  of  fuch  fimilar  parallelograms, 
cryftals  of  the  mod  oppofite  forms  may  be  ge- 
nerated. 

(a)  Let  A  c  E  G  o,  fig.  I.  tab.  i.  reprefent  a 
fpathaceous  nucleus,  through  whofe  oppofite 
angles,  d  o,  the  axis  h  o  paffes  :  let  us  fuppofe, 
chat  contiguous  rhombi  are  applied  to  this,  a- 
bove  and  below ;  and  that  thefe  rhombi  are  e- 
quai,  fimilar,  and  parallel  to  the  fubjacent  planes 
of  the  nucleus ;  thefe,  to  avoid  confufion  in  the 
figure,  we  fhall  only  reprefent  by  the  rhombi 
uv,uqi  and  m  t,  which  will  be  fufficient  for 
tbofe  who  are  (killed  in  geometry  and  perfpec- 
tive. 

By  this  method  an  hexaedral  prifm  is  gene- 
rated, confiding  of  fix  equal  and  fimilar  paral- 
lelograms, and  terminating  at  both  ends  in  three 
rhombi,  which  unite,  and  form  a  folid  angle. 
This  form  of  cryftallization  belongs  to  fpme  of 
the  calcareous  tribe,  but  more  particularly  to 
fchoerls  ;  it  is  therefore  called  the  fchoerlaceous 
form. 

(b)  If  the  accumulation  of  the  planes  is  flop- 
pcd  when  the  fides  of  the  prifm  have  acquired  a 
rhomboidal  nature,  we  (hall  have  a  dodecaedron 
included  by  rhombi :  this  is  the  ufual  form  of 
garnet  when  perfed. 

(c)  The  gametic  form  is  eafily  changed  into 

A  2  another^ 
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another,  viz.  into  that  in  which  the  hyacinth 
often  prefents  itfelf.  This  is  effefted  by  the  re- 
gular application  of  equal  and  fimilar  rhombi  to 
each  of  the  folid  angles,  which  are  compofed  of 
four  planes ;  for  the  garnet  has  fix  fuch,  when 
complete  as  to  figure,  and  eight  with  three  fides ; 
let  fig.  2.  be  confulted,  where  the  dotted  lines 
exprefs  the  genefis  of  the  prifm  more  intelligibly 
than  words  can  poCbly  do.  In  this  operation 
the  four  rhombi  are  changed  into  an  equal  num- 
ber of  oblong  hexagons  :  l  h  a  b  into  l  u  h  a 
b  B,  &c.  &c*  &c. 

(d)  Sometimes  planes  are  applied,  fimilar  in* 
deed  to  the  fundamental  planes,  but  decreafing 
according  to  a  certain  law  :  this  decreafe,  whe- 
ther owing,  as  is  moft  probable,  to  a  deficiency 
of  matter,  or  to  fome  other  caufe,  muft  necef- 
farily  change  the  appearance  of  the  terminating 
planes,  and  occafionally  either  augment  or  di- 
minifh  their  number.  Let  us  now  return  to 
fig.  I.  Suppofe  fimilar  planes,  but  continually 
decreafing,  (m  p,  m  q,  m  t),  applied  to  the  in- 
ternal nucleus,  thefe  will  ultimately  end  in  an 
apex  on  both  fides  ;  fo  that,  inflead  of  a  prifm, 
we  (hall  have  a  double  pyramid,  one  tending 
upwards,  the  other  downwards :  At  the  furface 
the  planes  which  meet  form  interfefUons  or 
common  bafes,  whofe  angles  alternately  tend 
upwards  and  downwards,  as  is  (hewn  by  g  f  E 
A  c  B  G  :  this  is  the  form  of  the  calcareous  cry- 

Aals, 
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ftals,  which  are  called  by  the  miners  pig-tooth 
Ipars  (denies  fuilli.) 

Ic  is  evident,  that  the  axes  of  the  pyramids 
are  the  longer,  in  proportion  as  the  rhombi  de« 
creafe  more  flowly,  and  the  contrary. 

If  the  decreafing  feries  is  flopped  before  the 
ultimate  (ides  of  the  accumulated  planes  vaniih, 
truncated  apices  will  be  generated;  of  which 
frequent  examples  occur. 

In  the  calcareous  pyramidal  cryftal  jufl  de- 
fcribed,  if  the  dorfal  margins  a  h,  £  h,  or  f  h, 
be  cautioufly  ftruck,  they  break  off  into  fpatha- 
ceous  telTerae ;  but  this  is  not  the  cafe  wkh  the 
alternate  margins  c  h,  £  h,  and  g  h,  which  it 
is  fcarce  poilible  to  bring  to  that  ftate :  the  rea-^ 
fon  is  evident ;  in  the  former  cafe,  the  diredion 
of  the  blow  is  parallel  to  the  accumulation  of 
the  planes  ;  whereas,  in  the  latter,  it  meets  the 
interfedion  of  two  planes.  This  property  alfo 
obtains  in  the  lower  pyramid,  with  this  diffe- 
rence, however,  which  neceffarily  refults  from 
the  very  (Irufture,  namely,  that  the  margin  a  1 
muft  produce  a  diredly  oppofite  effed  from  the 
margin  ah;  and  the  f;ime  is  true  of  the  rel):, 
mutaiU  mutandis. 

ijs,)  Frequently,  alfo,  the  fundamental  planes 
tfaemfelves  are  imperfecl ;  if,  in  this  cafe,  planes 
fimilar  to  them  be  added,  forms  of  cryftals  muft 
be  generated  more  or  Icfs  unlike  the  perfed 
form.  Examples  of  this  are  very  numerous ; 
A3  .but 
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but  in  this  place  it  will  be  fufficient  briefly  to 
explain  a  few. 

Let  A  B  c  b  E  F  G,  fig.  3.  reprefent  the  three 
rhombi  which  conftitute  the  apex  of  a  perfcQ 
fchoerlaceous  cryftal ;  let  us  now  fuppofe  the 
rhombus  a  o  truncated  in  the  direction  of  the 
line  a  b  ;  c  o  along  c  d  ;  and  e  g  along  e  f. 
This  being  the  cafe,  the  regular  hexagonal  fi- 
gure of  the  prifm  a  b  c  d  e  f  is  changed  to  an 
irregular  one,  abBcdnefF,  confifting  of 
nine  unequal  fides,  whofe  apex  is  compofed  of 
three  irregular  pentagons,  absGF,  cdocB, 
and  e  f  F  G  D.  I  have  now  in  my  poffeflion  cry- 
ftals  of  this  form,  both  calcareous  and  fchoerla- 
ceous :  to  this  clafs  may  be  referred,  in  gene- 
ral, the  rough  turmalins,  particularly  thofe  of 
Tyrol  and  Ceylon,  of  which  we  (hall  fpdak  more 
exprefsly  (a)  hereafter. 

It  is  obvious  that  pentagonal  periphery  aba 
o  F  approaches  more  nearly  to  triangular,  in 
proportion  as  the  diftance  between  a  b  and  b  p 
grows  lefs  ;  the  fame  is  true  of  the  reft  :  and, 
when  thcfe  diftances  become  evanefcent,  a  tria- 
gonal  prifm  is  formed,  terminated  by  three  tri- 
angles :  if  the  cutting  line  a  b,  c  d,  e  f,  ap- 
proach ftill  nearer  to  the  center  g,  and  equally, 
the  form  fl:ill  remains  the  fame. 

(f)  The  gametic  figure  may  be  conceived  as 
that  of  an  hexaedral  prifm,  terminated  at  each 

end 

(u)  Dc  Tcria  Turmallnl. 
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cad  by  three  rhombi,  meeting  at  the  apex ;  and 
it  may  be  compofed  of  four  equal  fpachaceous 
tefierae  properly  adapted :  I  have  already  men* 
tioned  its  genefis  (b)  ;  and  its  form  is  marked 
by  the  capital  letters  in  fig.  4.  If  now,  in  the 
place  of  complete  rhombi,  we  fuppofe  accumu* 
lated  in  the  fame  manner  about  its  axis  others, 
whofe  three  external  angles  are  truncated,  or, 
which  is  the  fame  thing,  if  the  longitudinal  mar- 
gins of  the  prifm  be  cut  by  planes  parallel  to 
the  axis,  a  dodecaedron  will  arife,  confiding  of 
pentagons,  which  are  indicated  in  fig.  4.  by  the 
fmall  letters*  Calcareous  cryflals  of  this  kind 
fometimes  occur,  but  they  are  generally  fo  low, 
that  e  nearly  coincides  with  a,  c  with  d,  &c. ; 
fo  that  the  pentagon  a  b  c  d  e  becomes  almoft  of 
a  triangular  figure,  which  is  the  figure  attri- 
buted to  them  by  fome  authors,  who  are  igno- 
rant of  their  true  nature.  Among  the  pyritacea 
we  may  fometimes  obferve  infiances  of  this  va- 
riety complete. 

Sometimes  all  the  margins  of  the  garnet  are 
truncated,  fo  that  the  number  of  including  fides 
increafes  to  twenty- four,  oblong  hexagons;  a 
change  which  may  eafily  be  derived  from  the 
pofitions  already  laid  down.  If  the  interfedion 
C  d,  of  the  planes  e  c  and  c  r,  falls  without  the 
plane  b  o,  a  figure  of  a  very  different  kind  will 
be  generated. 

A  4  (g)  The 
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(g)  The  hyacinthine  figure  (art.  cf.)  alfc^ 
Ibmetimes  labours  under  defers  peculiar  to  it- 
felf.  I  fliall  mention  one  very  remarkable  v»i- 
ety  which  is  met  with  in  Hartz  mines  (*) :  theirs 
the  cryftals  fometimes  appear  of  a  cruciform  £• 
gure  (a  B  c  D  E  F  G  H  I  K  L  M,  fig.  5») ;  thc 
apex  is  at  c,  the  figure  a  b  c  b  c  a  is  alt  in  the 
fame  inclined  plane;  and  that  is  the  cafe  tmh 
the  other  three  homologous  figures.  Now,  in 
order  to  inveftigatc  the  primitive  fdrm^  tet  the? 
rhombi  c  n,  c  o,  c  p,  and  c  CLbe  complete, 
there,  to  an  eye  placed  high  in  the  axis,  paifing 
.  through  c,  will  appear  like  fquares  fituated  in 
the  fubjacent  plane,  and  we  Ihall  have  the  rudi- 
liients  of  this  hyacinthine  figure  :-  for  we  may 
alfo  conceive  the  granite  form  as  a  quadrangu- 
lar ptifm,  compofed  of  four  rhombi,  touching 
one  another  only  in  their  apices,  and  terminated 
at  each  end  in  four  rhombi,  meeting  at  the  a- 
pex.  This  form,  if  a  little  protratted,  or,  what 
is  the  fame  thing,  encreafed,  by  applying  to  the 
apices  fimilar  and  equal  planes,  becomes  the  hy- 
^cinthine  form,  and  therefore  may  without  im- 
propriety be  denominated  the  rudiment  of  it. 

(h)  If  the  added  planes  be  fimilar  to  one  an« 
other,  but  not  fimilar  to  the  fundamental  planes, 
prodigious  varieties  will  arife  from  hence ;  but 

I 

(i/)  F,  Ehrliart,  that  unwearied  obferver  of  nature, 
fent  me  fome  of  thefe  :  they  are  filiceous,  not  calcareous, 
tliQugh  they  have  thc  appearance  of  the  latter. 
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I  tlAnk  k  unneceflary,  at  prefent,  to  multipty 
eiHitti]^,  as  v/hBt  has  been  already  faid,  if  weH 
HBderftood,  will  be  £3und  abundantly  fufficient 
to  ibew  h&Wj  by  a  plain  and  fimpte  method, 
mamy  other  figures  may  be  reduced  to  the  pri^ 
mkvfe  forms. 

(i)  If  any  one  imagines  ibk  dodrine  to  be 
pnrely  geometrical  and  fpecutatiVe^  fef  Mm  ^re- 
fuUy  examine  At  calcareous  cfyAal^,  th6  lodfib 
texture  of  wUch  ^  if  cautieufly  and  (kitfolly  brou 
ken^  win  completely  fliew  the  intemat  ftru^ 
tore  (r) :  as  to  the  batd^f  cryftals,  endowed 
"wkh  the  forms  above  mentioned,  their  parts  co- 
here fo  ftrongty  that  they  can  fcarcely  be  bro*- 
ken :  the  fchoerls  exhibit  the  fpathaceous  tesi^ 
ture  irttj  plainly  ^  and  there  is  nb  doubt,  but 
the  garnets  themfelves  are  cbmpofed  of  lamel- 
lae, as  will  readily  appear  to  an  attentive  eye* 

(k)  Finally,  we  may  add  one  peculiar  obfer- 
vation  concerning  prifmatic  and  hexagonal  cal- 
careous dryftals,  truncated  perpendicularly :  fuch 
fometimes  occur,  and  they  cannot  derive  their 
origin,  in  the  manner  above  defcribed,  from  the 
fpathaceous  particles,  and  by  no  other  way  can 
hexagonal  prifms  be  generated  :  what  then  is 
the  caufc  which  deftroys  their  apices  ?  I  ccm- 
fefs  this  to  be  a  queftion  which  I  am  wholly  un- 
able 

{c)  My  pupil,  Dr  Gahni  firfl  obferved  the  central  nu- 
cleus in  pyramidal  calcareous  crydaU. 
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able  to  anfwer,  unlefs  ure  may  aflume  an  a(!cu« 
inulatioQ  of  planes,  more  and  more  deficient 
around  the  axis*  We  may  from  hence  con- 
clude, tha^t  fomething  unufual  occi^s,  as  the 
truncated  extremity  is  opaque,. while  the  reft  of 
the  prifm  is  tranfparent ;  but  the  upper  hexa- 
gonal fedion  is  fmooth  and  poUlhed. 

(l)  We  have  feen,  then,  prifms  of  three,  four, 
fix,  or  niue  fides,  occafionally  terminated  by  va- 
rious apices :  we  have  feen  pyramidal,  dodecae- 
dralt.  cruciformi  and  other  very  different  figuref 
.genetated  from  the  lame  fpathaceous  form :  be- 
fides,  we  fliall  obferve,  that  thefe  almoft  all  oc- 
cur, though  the  nature  of  the  fubftance  remains 
the  fame ;  and  from  thence  we  (hould  be  indu- 
ced to  put  but  little  confidence  in  figure.  If 
then  this  teft,  which  undoubtedly  is  the  moft 
remarkable,  fo  far  as  externals  reach,  is  of  fo 
little  ufe,  of  what  value  can  the  others  be  ?  and 
with  what  fuccefs  can  we  hope  to  form  a  fyftera 
of  mineralogy  upon  fuch  diftinftions  ?  Exter- 
nal  criteria  fliould  certainly  not  be  negleded  j 
but  he  who  trufts  implicitly  to  them  deceives 
himfelf :  they  may,  to  an  experienced  obferver, 
yield  feme  affiftance,  but  can  never  ferve  to  de- 
termine his  afient. 


§  III.  Siruc' 
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S  III.  Strudure  of  the  mq/i  minute  Portia 

As  fo  great  a  variety  of  forms  may  be  pro- 
duced by  the  fpathaceous  particles  accumulated 
in  different  ways,  it  is  probable  that  the  diffie« 
fences  of  all  cryftals,  with  refpeA  to  externals^ 
ire  owing  to  varieties  in  their  mechanical  ele- 
ments. But  here  a  queftion  may  properly  be 
ftarted, — whether  the  mod  minute -tnoleculds^- 
and  as  it  were  the  llamina,  are  iiaturally.  poffef* 
fed  of  a  determinate  angular  figure,  or  whe- 
ther they  firft  acquire  it  during  cryftallization  i 
in  anfwer  to  this  quefUon,  I  beg  leave  to  men- 
tion Ibme  circumftances  which  occurred  to  me 
in  the  courfe  of  obfervatioui 

(a)  If  the  fmall  particles  which  feparate  from, 
lime- water,  when  expofed  to  the  air,  be  infpec* 
ted  with  a  microfcope,  they  will  be  found  fpa- 
thaceous. 

(b)  The  greater  fpathous  teflerae,  when  ac- 
curately examined,  are  frequently  found  with 
flris&  running  Siagonally,  (fuch  as  we  (hall  here-' 
after  find  appear  in  faline  cryftals),  which  dif- 
cover  their  internal  ftrudure. 

(c)  The  cubes  of  common  fait  not  only  ex- 
hibit diagonal  (Iris,  but  frequently,  upon  each 
fide,  they  (hew  fquares  parallel  to  the  external 
furface,  and  gradually  decreafing  inwards,  (fig« 
6.);  circumftances  which  fhew  the  veftiges  of 

their 
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their  internal  ftrufture :  for  every  cube  is  com- 
pofed  of  fix  qusUteangular  hollow  pyraniiids, 
joined  by  their  apices  and  external  furface ; 
each  of  thefe  pyramids  filled  up  others  fin>iiar, 
but  gradually  decreafing,  completes  tlie  form. 
B$  B  due  dt^ee  6f  evapotatioit,  it  is  no  difficult 
i;n^ter  to  obtain  thefe  pyramids  feparate  and  di- 
QibGt^  (as  it  fig.  j.)^  or  fix  of  fuch,  either  hoI« 
low^  or  more  or  lefs  folid,  joined  together  round 
^  ceotet :  this  is  the  whole  courfe  of  the  opera-* 
tion^  froOt  beginning  to  exld*  All  this  is  true 
of^fbe  £ilited  vegetable  alkaU,  commonly  called 
fal  digelUvus  Sylvii ;  of  the  cryftailized  luna 
coraea  (d)  ;  of  the  galena,  or  ful|>hurated  lead, 
which  is  frequently  to  be  generated  at  Fahluft 
in  the  heaps,  roafte^l,  as  it  is  called  fub  dw/ri^^ 
gido  ;  quadranguhr  nitre  too,  which  is  of  the 
fpathous  form,  produces  a  fimilar  congeries  of - 
pyramids,  and  thefe  almoft  equally  diftinft  with 
the  preceding  cubic  cryftals.  A  folution  of 
alum,  upon  evaporation,  does  generally  pro- 
duce folid  odaedra ;  but  fometimes  it  alfo  ex« 
hibits  hollow  pyramids,  and  upon  fuch  of  them 
as  ar€  complete  the  jundures  are  very  diftindly 
marked  by  confpicuous  lines. 

(d)  Sometimes,  too,  other  falts  indicate  the 
&me  conftruflion  by  vifible  diagonals.  The 
Rochelle  fait  forms  an  hexagonal  prifm ;  a  fec« 
tion  of  which  is  (hewn  by  fig.  8. :  when  this 

kind 

{i)  C.  H.  Lommer,  vom  Hornertza. 
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kind  of  cryftal  is  complete,  die  manner  of  ar- 
rangement among  the  internal  particles  is  ea- 
drely  unknown ;  but,  when  the  cryftal  h  form- 
ed on  die  bottom  of  the  vefiel,  the  lower  fide 
cannot  be  perfed,  (fig.  9.)  ;  and  this  parallelo- 
gram exhibits  two  diagonals  diftinAly,  (fig.  10.) 
This  is  alfo  the  cafe  with  the  fait  extraded  from 
human  urine,  which  is  called  microcofmic  iait : 
befides,  we  fhould  obferve  of  the  Yertical  tri- 
angles, that  they  are  alternately  tranfparent  and 
opaque  in  pairs ;  which  plainly  points  out  a  dif« 
ference  in  the  fituaition  of  their  elements.  I 
have  alfo  fome  cryftals  of  nitre  marked  with  di- 
agonals, a  circumftance  which  in  oth^^  is  ge- 
nerally concealed  by  the  clofe  connexion  of  the 
particles. 

(e)  If  we  examine  the  hollow  pyramid  of 
common  fait  farther,  we  (hall  find  it  compofed 
of  four  triangles,  and  each  of  thefe  formed  of 
threads  parallel  to  the  bafe ;  which  threads,  up- 
on accurate  examination,  are  found  to  be  no- 
thing more  than  ieries  of  fmail  cubes :  there- 
foTCy  although  the  above  circumftances  ieem 
plainly  to  point  out  the  genefis  of  all  cryftals, 
from  the  union  and  cohefion  of  pyramids,  whofe 
fides,  being  dilFerent  in  form  and  magnitude, 
occafion  the  differences  of  forms ;  it  yet  remains 
uncertain  whether  the  fame  interiul  ftrudure 
takes  place  in  thofe  whofe  minutenefs  renders 
them  totally  invifible,  and  whether  the  primary 

ftamina 


14        OF  THE  FORMS  OF  CRYSTALS. 

ftamina  poflefs  a  determinate  figure,  or  are  com^' 
pofed  by  the  union  of  many  fhapelefs  particles* 
We  have  long  known  that  the  fmalleft  concre^ 
lions  which  are  vifible  by  the  microfcope,  pof-- 
fefs  a  determined  figure ;  but  thefe  are  com- 
pounds :  in  the  mean  time,  until  this  veil  is  in 
fome  meafure  at  leaft  removed,  we  cannot  avoid 
comparing  the  procefs  of  cryftallization  with  the 
congelation  of  water. 

While  the  watery  particles  are  concreting 
they  exert  a  double  tendency ;  by  one  of  which 
they  are  formed  into  fpicula,  by  the  other  thefe 
fpiculae  are  ranged  in  fuch  a  manner,  with  re- 
fytSt  to  one  another,  as  to  form  angles  of  60 "" : 
from  hence  the  varieties  obferved  in  the  parti- 
cles of  fnow  may  be  eafily  explained.  The  moft 
.fimple  figure  is  that  where  fix  equal  radii  di- 
verge from  a  center,  in  the  angle  above  men- 
tioned, (fig.  II.)  (^)}  the  fame  angle  will  be 
preferved,  if  the  extremities  of  thefe  be  joined 
by  right  lines ;  which  will  alfq  be  the  cafe,  if 
each  of  the  triangles,  thus  formed,  be  filled  with 
right  lines  parallel  to  the  bafe,  fig.  1 2.  I  have 
.  alfo  feen  hexagonal  figures  in  fnow  ; — but  this 
by  the  bye. 

Let  us  now  fuppofe  the  particles  which  afe 
employed  in  cryftallization  endowed  with  a  ten- 
dency to  form  fpiculae,  and  thefe  fpiculae  with 
a  tendency  to  arrange  themfelves  at  equal  angles 

of 

(e)  Mairan  on  Ice. 
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of  inclination,  and  we  (hall  have  both  the  tri- 
angles and  the  pyramids  compofed  of  them, 
even  although  the  primary  ftamina  had  not  a 
determined  figure ;  as  the  angles  of  inclination 
vary,  the  triangles  and  pyramids  will  alfo  vary; 
and  hence  the  different  forms  of  cryftals  will  be 
produced,  which  may  to  a  certain  degree  be 
inveftigated  geometrically,  the  angles  being 
given. 

*We  have  hitherto  fuppofed  the  exiftence  of  a 
double  tendency,  becaufe  the  eflfed  feems  to  be 
twofi>ld ;  but  both  thefe  eiFecls  may  undoubted- 
ly  be  owing  to  the  fame  caufe,  namely,  to  a 
mutual  attradUon  between  the  particles,  which, 
according  to   various   fituations   and  peculiar 
figures  of  the  atoms,  at  one  time  arranges  them 
in  the  form  of  fpiculas,  again  conne&s  the  fpi« 
culae  already  formed  under  equal  angles  of  in- 
clination.    I  confider  the  mechanical  elements 
as  exiiling  under  determinate  and  peculiar  fi- 
gures, as,  upon  any  other  fuppofition,  I  find  it 
impoflible  to  aifign  a  caufe  which  ihould  ar- 
range different  fubftances  under  different  angles, 
and  yet  preferve  thefe  angles  always  conftant  in 
the  fame  fubfiance.     But  I  do  not  wifli  to  ex- 
amine this  conjedure  any  further,  though  it  ap- 
pears to  me  to  be  probable ;  becaufe  powdered 
refin,  which  mud  doubtlefs  confift  of  particles 
of  a  great  variety  of  forms,  when  fprinkled  on 

an 
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an  ele&rophorus  is,  by  the  eledrlc  fluid|  form* 
ed  into  ftars  Uke  thofe  of  fnow  (/}• 


) 


§  IV,  In  bow  many  different  Ways  Cbryftals  ar^ 
generated. 

In  order  that  the  particles  may  be  arranged^ 
by  the  power  of  attradion,  into  determinater 
fymmetrical  forms,  it  is  neceffary  that  thejr 
fliould  be  at  liberty,  and  very  eafily  moveable 
The  beft  method  of  obtaining  this  end  is  to  im— 
merfe  them  in  fome  fluid  of  nearly  the  fam^ 
fpecific  gravity  with  themfelves  {g) :  this  m^ 
be  done  in  three  different  ways  ;  i.  by  watery 
2*  by  a  liquefying  heat ;  3.  by  a  volatilizing 
heat.     Thefe  we  ftiall  confider  in  orden 

(a)  The  moft  common  method  of  cryftalii— 
zing  is  by  means  of  water,  as  it  eafily  takes  up 
faline  matters,  and,  upon  being  fufEciently  dimi— 
nifhed  by  evaporation,  yields  them  again  in  at 
concrete  ftate;  nay,  until  now,  it  has  beeii. 
thought,  that  without  this  vehicle  no  cryftals 
could  be  obtained. 

But  it  is  not  only  when  aftually  diflTolved  ii* 
water  that  they  acquire  determinate  forms ;  this* 
unlefs  I  am  miftaken,  is  alfo  the  cafe  when  th^ 
are  only  fufficiently  attenuated  and  mixed  wid^ 

it: 

(/)  Lichtenbcrg  firft  obfcrved  thcfc  refinous  ftars. 
{g)  Morveau  Digrejf,  Acadcmiques. 
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k  :  for  fubftances  not  foluble  in  water  will  yet 
remain  fufpended  in  it,  if  by  fufficient  divifion 
they  have  acquired  fo  great  a  furface,  in  pro- 
portion to  their  mafs,  as  to  approach  the  fpeci- 
i&c  gravity  of  the  fluid :  now  fuch  particles 
doiibtlefs  poffcfe  attraftion,  they  alfo  poflfefs  the 
neceflary  degree  of  'mobility  ;  no  reafon  there- 
fore appears  why  they  may  not  form  cryftals* 
And  it  feems  highly  probable,  that  many  of  the 
earths  which  occur  in  the  mineral  kingdom 
fymmetrical  and  of  a  regular  forrti)  have  coa* 
lefced  in  this  way* 

A  mechanical  mixture  and  1  true  folutioil 
fiiould  be  carefully  diftinguifhed,  although  they 
agree  in  weight.  In  the  former  cafe,  the  parti- 
cles,  if  colleded  and  laid  upon  the  bottom  of 
the  veftel,  will  remain  there,  unlefs  diffufed  by 
dotation*  A  fubftance  which  is  foluble,  on  the 
contrary,  is  totally  and  fpontanebufly  diftributed 
through  the  menftruiim,  even  without  any  agi^ 
tation^  though  the  operation  is  certainly  accele^ 
rated  by  agitation, 

(b)  Cryftals  may  frequently  be  obtained  by 
fufion  and  flow  cooling :  the  matter  of  heat,  in 
fufficient  quantity,  penetrating  folid  bodies  which 
are  not  orgahic,  foftens  and  liquifies  many  of 
them  ;  for,  when  it  penetrates  and  loofens  the 
texture  of  the  mafs,  it  communicates  mobility 
to  each  of  them  j  fo  that  upon  flow  refrigera- 
tion they  are  in  a  condition  to  obey  the  laws  of 

Vol.  IL  B  that 
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that  attradion  which  tends  to  arrange  them  in 
B  regular  manner  :  thus  fulphur,  when  melted 
and  cooled,  exhibits  ftrias,  and,  at  the  fame 
time,  acquires  an  electrical  property :  Bifinutb, 
zinc,  and  regulus  of  antimony,  acquire  a  fort  of 
teflellated  appearance ;  nay,  the  lad  of  thefe, 
when  fet  to  cool  in  a  conical  mold,  becomes 
ftellated,  not  only  on  the  upper  furface  or  bafis 
of  the  mafs,  but  along  the  whole  axis.  Gla&, 
if  melted  and  flowly  cooled,  forms  beautiful  cry- 
ftals  (^)*  I  have  taken  the  fcoriae  from  furnaces 
where  iron  was  fufed,  by  the  addition  of  a  cal- 
careous (lone,  and  have  fometimes  found  them 
of  a  regular  prifmatic  figure.  When  crude  iron 
is  melted  with  lime,  I  have  found  complete  oc* 
taedra  in  the  fcoriae. 

In  large  metallic  mafles,  fuch  efpecialty  as  are 
difficult  of  fufion,  the  lower  particles  are  gene- 
rally fo  much  preffed  by  the  weight  of  the  fupe- 
rior,  that  they  fliew  no  figns  of  cryftallizatbn, 
although  on  the  upper  furface  of  gold,  filver, 
iron,  and  others,  beautiful  cryftals  are  fenned. 
It  will  perhaps  be  thought  extraordinary,  by 
thofe  who  have  not  well  weighed  the  matteri 
that  I  ihould  refer  the  congelation  of  water  to 
an  operation  of  this  fort }  but  we  mud  coiifi- 
der,  that  it  is  by  means  of  the  matter  of  heat 
that  water  is  fluid  (i) ;  and  that  when  this  mat- 
ter 

(h)  Keir,  Phil.  Tranf.  (or  1776. 

(/)  Phlogifton,  the  matter  of  heat,  and  fire,  onghrtt 
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to*  is  dimiiii^ed  to  a  cmain  degtee,  it  cfyftalU- 
zes  and  becomes  ice.  We  have  before  (§  iiu 
1.)  compared  cdngelation  to  cryftallization :  in 
diis  place  we  (hail  add  another  mark  of  refem^ 
blaiice; 

SiMiw  or  ice,  put  into  hot  \<rater,  by  its  fdlti^ 
tibn  abforbs  a  quantity  6f  heat  equal  to  72''  of 
dor  thermometer.  The  cryftallized  neutral  falti 
produce  the  fame  effed,  that  is,  they  make  the 
ws^er  colder^  although  the  falts  and  the  watef 
had  been  kept  in  the  fame  place  for  many  days  t 
for  by  diflblving  they  acquire  a  larger  furfacc^ 
and,  by  that  means,  are  able  to  uke  up  and  re» 
tain  a  portion  of  the  matter  of  heat ;  which,  be- 
ing fised>  lofes  its  power  of  heating,  and  confe- 
quently  the  thermometer  finks  when  put  into 
the  water.  Hence  it  follows,  on  the  other  hand| 
that  the  heat  fhould  be  increafed  during  cryftaU 
lization }  and  this  increment  is  eafily  obfervable 
^i^en  a  large  quantity  concretes  at  once :  In 
concreting  the  furface  is  diminiihed  ;  hence,  fo 
great  a  quantity  of  the  matter  of  heat  cannot  be 
retained :  What  is  fuperiluous,  being  fet  at  li« 
berty^  recovers  its  property  of  heating,  which  it 
B  2  accordingly 

be  carefully  diftingniftied :  ]?hlogifton»  combined  inrick 
pore  air  in  a  certain  propbrcion,  conftitutes  the  inatter  of 
heat :  ^e  is  the  adion  bjr  which  si  proper  body  is  de- 
prived of  phlogifton,  by  means  of  pure  siir,  with  fucU 
tdiemence  as  to  generate  not  only  beat,  bat  flame. 
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accordingly  exerts,  and  that  in  proportion  to  iti 
quantity. 

(c)  Heat  not  only  liquefies  but  volatilizes 
certain  bodies.  The  material  caufe  of  heat  pe- 
netrates the  integrant  parts,  expands,  attenu- 
ates, and,  by  its  union  with  them,  renders  them 
fo  light,  that  they  mount  in  the  air.  Particles, 
after  undergoing  this  procef^,  when  during 
cooling  they  are  fufficiently  at  liberty,  often 
tobey  the  laws  of  attraction,  and  form  cryftals. 
To  this  clafs  we  may  refer  thofe  which  are  con* 
denfed  from  the  vapours  of  regulus  of  antimo- 
ny,  called  the  (lores  argentini.  The  galena, 
which  is  frequently  interfperfed  among  the  cop* 
per  ore,  at  Fahlun,  from  the  heaps  which  are 
there  roafted  without  heat,  fends  forth  a  vapour 
which  condenfes  on  the  upper  (trata,  forming 
hollow  pyramids,  which  form  the  bafes  of  the 
tubes  of  galena,  entirely  fimilar  to  thofe  which 
compofe  common  fait. 

I  In  the  heaps  of  ore  of  arfenic  which  arc  cx- 
pofed  to  the  fire  at  Loefa,  I  have  colleded  ex* 
tremely  beautiful  white,  yellow,  and  red  cry- 
flals,  partly  tetraedral,  partly  bdaedral.  Some 
of  thefe  exhibit  hollow  pyramids,  whofe  fides 
confifl  of  threads  parallel  to  the  bafe,  precifely 
fn  thie  fame  manner  as  the  cryftals  formed  in 
the  humid  way,  (§  in.  e.)  ;  fo  that,  through 
the  whole  procefs  of  cryftallization,  a  mecha- 
nifm  «very  where  the  fame,  and  analogous  to 

cryftallization. 
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cryftallizadon,  feems  to  be  employed.  Nor  let 
any  one  imagine  that  tbefe  are  to  be  confidered 
as  monftrous  produdtions,  which  throw  no  light 
upon  the  theory  of  cryftallization ;  for  tbefe 
cryftals,  when  complete,  frequently  fhew  the 
jundures  of  the  pyramids,  by  very  diftln^l  lines  j 
and,  by  proper  addrefs,  we  may  be  able  to  fef 
the  procefs  through  its  various  fteps,  from  the 
firft  rudiments  to  the  completion  of  the  whol<r 
operation*  If  this  ftru6ture,  as  is  very  proba- 
ble,  takes  place  in  all,  yet  it  will  not  coitfradif^ 
what  has  been  already  faid  concerning  th^ 
ipathous  form,  as  elements  of  the  fpathous  fi- 
gure, properly  applied,  may  readily  form  pyra- 
mids  fit  for  this  purpofe. 

A  prifm  of  any  kind  may  be  formed  by  the 
apices  of  proper  pyramids  meeting  together  in 
proper  number  round  the  fame  point ;  and  the 
apex  may  alfo  be  formed  by  a  Angle  pyramid^ 
its  vertical  angle  being  turned  outward.  Thus 
a  four-fided  prifm,  with  fimiiar  apices,  may  a* 
rife  in  many  ways.  Thus  to  the  cube,  indica- 
ted by  the  letters  a  b  c  d,  fig.  15.  let  there  be 
applied  on  each  fide  the  quadrangular  pyramids 
ABE,  and  i>  c  F  ;  and  we  fliall  have  the  prifm 
required*  In  this  way  common  fait  fometimes, 
though  very  feldom,  acquires  an  apex  (i).  Let 
us  fuppofe  applied  10  one  or  both  apices  of  the 
B  3  odaedron 

(i)  Capeler,  Prod.' CrjJlaUograpbiaif  t«  iii.  fig.  2. 
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bdaedron  A' G  B  D,  6g.  i6.  a  hollow  pyramid 
a  d  b,  but  fimilar  and  equal  to  the  fundamental 
figure  ;  and  the  fame  figure  will  be  produced : 
however^  I  muft  confefs,  that  I  have  never  feea 
alum  prifmatic,  thougt)  often  confifting  qf  o&ae- 
dra  imperfectly  joined,  fig.  17.  A  four-fidc^i 
pyramid  may  be  compofed  of  four  tetraedra,  and 
Confequently  a  cube  of  24 ;  and  it  has  alfo  a 
double  apex  of  32.  Thus  we  have  a  new  con- 
ftrudion,  which  undoubtedly  fometimes.  takes 
place ;  for,  as  I  have  already  faid,  arfenical-  cry- 
ilals  take  fometimes  the  tetraedral,  fometimes 
the  oftaedral  form,  which  may  therefore  eafily 
be  mutually  changed. 

It  is  with  lefs  facility  that  hexagonal  ptifms 
lare  formed  of  fuoh  pyramids  as  have  the  fame 
number  of  fides,  unlefs  tetraedral  be  admitted. 
In  fig.  i8.  four  hexagonal  pyramids  and  fix  te- 
tragonal meet ;  the  firft  are  eafily  refolved  into 
fix,  and  the  latter  into  four  tetraedra,  (fig  19.); 
forty-eight  of  which  confequently  make  up  the 
whole  mafs,  fuppofing  this  to  be  the  method  fol* 
lowed  by  nature.     I  have  no  doubt  that  thi^ 
conftrudion  is  probable,  on  many  accounts;, 
for  it  requires  only  the  mod  fimple  elements^ 
and  fuch  as  are  conformable  to  the  figures  of  all^ 
cryftals*    That  tetraedra,  adapted  to  this  pur-— 
pofe,  have  fometimes  difiifnilar  and  unequaL- 
fides,  makes  not  againft  the  fuppofition :  butr: 
tyhat  is  moft  to  the  purpofe,  is,  that  fometimesBBS 

(uchBi 
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foch  tetraedra  are  employed  without  the  fmaU- 
eft  doubt.  All  thefe  circumftanc^s  ^are  of  no 
(mail  weight ;  but  fo  long  as  no  traces  of  jte- 
traedra  are  to  be  found  among  the  pyramids  of 
common  fait,  the  laws  of  found  reaibning  for- 
bid us  to  draw  any  general  condufion :  it  is 
better  to  purfue  adual  obfervations  than  fidions, 
however  ingenious:  better  cautioufly  to  exa- 
mine the  myfteries  of  nature,  than  haftily  smd 
prefumptuoufly  to  decide.  I  am  perfectly  cer« 
tain,  that  nature  does  frequently  employ  pyra- 
mids in  this  operation :  it  remains  for  future 
experiments  to  determine  whether  this  be  al- 
ways the  cafe,  &c  I  have  been  intent  upon 
th(  mechanifm  of  the  concretion  during  a  very 
affidupus  examination  of  falts.  I  have  related 
the  principal  phaenomena  which  appeared,  and, 
at  the  lame  time,  have  interfperfed  various  ob- 
fervations, wifhing  that  more  iagacious  obfer- 
vers  may  hereafter  completely  difcover  the  fy- 
flem  of  corpufcular  attradion,  which  is  particu- 
larly obvious,  and  as  it  were  palpable,  in  cryjfv 
tallization. 

$  T.  Whether  Cij/ialBzatUm  necejfarily  implies  the 
Prefence  of  a  Salt. 

Some  of  the  modems,  confiidering  that  many 

fidts  affed  an  angular  form,  and  frequently  one 

pf  ^  conftant  and  permanent  kind,  fuppofed  this 

B  4  property 
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property  to  belong  cxclufively  to  falts ;  wdi 
ti^hen  they  met  with  any  bodies  fimilarly  figured, 
they  attributed  this  figure  to  a  fait  which  they 
iuppofed  concealed  in  that  body.  What  judg- 
ment  we  are  to  form  of  this  opinion,  will  appeair 
from  the  following  confiderations. 

(a)  As  cryftallization  is  the  effeft  of  attraq* 
tion  ;  and  as  all  other  matters,  as  well  as  faltSi 
are  fubjeft  to  the  laws  of  that  attradion,  we  ar^ 
not  authorifed  to  eonfider  the  regular  and  fym* 
metrical  figure  as  peculiar  to  faline  bodies,  al- 
though the  aflfumption  of  fuch  figure  be  mortt 
readily  and  frequently  exercifcd  by  them,  as  be- 
ing ifoluble  in  water.  But  cryftals  are  produce4 
by  fuch  other  methods  as  can  fufEciently  divide 
and  difcngage  the  integrant  parts,  (§  iv.  B. 
and  c.) 

(b)  Upon  examining  falts,  it  will  plainly  ap* 
pear,  that  thofe  which  are  mofl  fimple,  and  pof* 
fefs  the  faline  properties  in  the  moft  eminent 
degree,  coalefce  with  the  greatefl  difficulty.  The 
truth  of  this  affertion  is  evinceti  by  the  mineral 
acids  and  the  cauftic  alkali,  which,  when  purej 
and  freed  as  much  as  pofTible  from  every  hete- 
rogeneous matter,  it  is  fcarce  pofTible  to  reduce 
to  the  form  of  cryftals.  ^ 

(c)  The  fimilarity  of  forms  in  cryftals  does 
not  depend  upon  the  acid ;  for,  to  pafs  over 
many  other  examples,  the  prifmatic  and  qua* 
drangular  nitre,  which  are  formed  by  the  fame 

\  *  acid, 
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acid,  yet  conftantlj  diflfer  in  figure: — ^Neither  k 
the  bale  fufficient ;  for  the  vegetable  alkali,  a^ 
well  as  the  mineral,  faturated  with  marine  add^ 
generates  cubic  cryftals.  The  external  sqjpear- 
ance,  therefore,  depends  upon  the  menftruum 
and  the  bafe  jointly.  We  are  not,  however, 
from  thtace  to  conclude,  that  there  is  prefent  a 
lieutral  or  middle  fait,  whenever  the  figure  of 
fuch  a  one  is  difcoverable.  Not  the  imalleft 
particle  of  alum  is  found  in  lead  or  nickel  uni- 
ted with  nitrous  acid,  although  both  theie  com« 
pottods  yield  o&aedral  cryftals. 

(d)  a  great  variety  is  obferved  in  cryftalt, 
though  the  matter  remains  the  fame :  I  have  aU 
ready  (hewn  this  to  be  the  cafe  with  calcareous 
fryftals,  ($  ii.)-  In  the  family  of  the  pyrites, 
cubes  are  fometimes  found  ftriated  in  a  fingular 
manner,  fo  that  the  lines  of  one  fide  are  perpen* 
dicular  to  thofe  which  diftinguifli  the  four  adjaF- 
cent  fides,  (fig.  13.) ;  but  among  thefe  are  alfo 
found  tetraedra,  odaedra,  dodecaedra,  and  ico- 
(aedra ;  fo  that  in  this  cafe  all  the  regular  folids 
ure  found. 

(e)  Finally,  a  very  great  number  of  cryftals 
aire  either  toully  deftitute  of  any  thing  faline^  or 
slfe  pofiefs  it  in  fuch  fmall  quantity,  that  no  ex- 
periments hitherto  tried  have  been  able  to  di(- 
bover  the  fmalleft  fenfible  traces  of  it.  I  have 
in  ^y  poflefiion  hexangular  prifins  of  mica, 

/  vhich 
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which  ate  compofed  of  parallel  lamellae ;  th4 
elementary  fpkulae  of  which  are  difpofed  in  a 
.fingular  manner,  (fig.  14.) :  Gems,  granites^ 
(choerls,  and  other  earthy  bodies,  are  frequently 
found  figured,  though  analyfis  can  dilcover  no- 
thii^  faline.  The  iame  is  true  of  gold,  fiiver, 
and  the  other  native  metals ;  as  alfo  gold,  filvcr, 
lead,  tin,  bifmuth,  and  zinc,  united  with  mer- 
€9ry,  of  which  all  put  on  regular  forms,  accor- 
dbg  to  the  quantity  of  the  mercury  (/)• 

If  we  have  recourfe  to  the  fuppofition  of  ao 
bidden  faline  fubftance,  which  cannot  be  difiro- 
,vered  by  art,  it  will  furdy  be  unreafonable  to 
attribute  to  fuch  a  principle  fo  great  a  power  as 
that  of  arranging  the  particles  in  the  order  ne-^ 
ce&ry  for  cryftatlization  ;  a  caufe  beyond  que- 
fiicm  unequal  to  the  magnitude  of  the  effe& : 
for  how  is  h  poffible  that  a  faline  matter,  the 
prefence  of  the  fmalleft  atom  of  which  cannot 
<be  difcovered.by  the  moft  delicate  tefts,  fhall  in 
pope  water  have  yet  power  to  effeft  the  icy  cry- 
ftallissation  with  fuch  force  as  to  overcome  the 
moft  powerful  obftacles?  How  can  a  faline 
matter,  which  by  no  teft  can  be  difcovered,  have 
power,  in  an  amalgam  of  gold,  to  arrange  the 
ponderous  particles  of  both  metals  in  a  particu- 
lar manner  i  What  fait  is  able  to  form  the  ftel- 

lated 

(/)  Mcffh  de  Ciimie,  par  M.  Sage. 


OF  THE  FORMS  OF  CRYSTALS.        27 

ked  rcgulus  of  antimony  ?  what  the  hexagonal 
Jamelbe  c^  mica  ?— -Thefe  obierva|ion8  will  fuf- 
fice  for  thofe  who  wilh  to  build  their  knowledge 
upon  the  Iblid  bafis  of  experiment — to  thofe 
vho  indulge  hypothefes,  the  experience  of  cen« 
turies  will  convey  neither  convidion  nor  infor« 
mation« 


PISSER. 
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SILICEOUS  EARTH. 


Si. 

WE  find  it  long  fince  obferved  by  Theo* 
phraftus  the  Erefian  {a\  that  a  moil 
evellent  glafs  might  be  formed  of  that  fpecies 
of  (tone  which  (Irikes  fire  with  fteel,  and  is  cal* 
led  flint ;  and  hence  perhaps  it  was,  that  all 
flones  which,  joined  to  alkaline  falts,  can  form 
a  glafs,  were  called  vitrefcible.  There  are  fome, 
indeed,  who  explain  this  denomination  in  ano- 
ther way,  and  confider  it  as  indicating  only  the 
property  of  melting  by  means  of  fire  without 
addition.    But  as  vitrefcible  earths,  when  alone, 

are 

{a)  Dc  Lapid.  84.  So  Pliny,  "  AuShres  funt^  in  In* 
**  dia  et  ajftailo  fraih  Jicri  (vitrum)  ct  ob  U  nullum  com- 
<f  fararl  Indsco*** 
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ire  Tery  refradorj,  the  former  iccount  feeou 
to  be  more  probable. 

In  the  prdent  century,  thofe  ftones  wfaidi  had 
before  been  called  yitrefcible,  were  called  filice* 
ons  by  Mr  Pott,  and  after  hhn  by  Mr  Croii- 
ftadc  The  celebrated  chemift  of  Berlm  2bovc 
mentioned^  feems  to  have  been  the  firft  who 
(in  1746)  eftabliihed  the  genome  criteria  of 
thefe  ftones ;  at  leaft,  he  determined  them  more 
accurately  than  any  perfon  before  iiis  time,  and^ 
after  aftonifliing  labour,  difcovewd  their  habits^ 
in  mixture  with  the  various  earths  and  falts  (i). 
Stones  which  are  To  hard  as  to  ftrike  fir^^  are 
commonly  called  filiceous ;  but  this  property 
depends  more  upon  the  connedion  of  the  par« 
fides,  than  the  nature  of  matter  itfel£ 

Glauber  (^9  if  I  miftake  not,  was  the  firft 
who  gave  a  clear  defcription  ci  the  liquor  of 
flints  ;  though  J.  B.  Van  Hetmoot,  in  i^>eaking 
of  glafs,  aflerts,  that,  if  it  be  made  with  too 
much  alkali,  it  deliquefces ;  and  that,  by  means 
of  an  acid,  it  precipitates  a  (piantity  of  ffliceous 
earth  equal  to  that  which  had  been  ufed  in  the 
making  of  the  gla&  (d). 

Siliceous  earths  have  been  but  little  exanunod 
with  regard  to  their  principles  and  compofition. 
Geofiroy  a^ferts,  that,  by  repeated  calcinarion^ 
they  may  be  refolved  into  abforbent  earth  (e). 

Neuman 

{h)  GetliogeQgn.  (c)  Furn.  pars  i* 

{d}  Dt  Terra,  (J)  Mem.  Par.  1764. 
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Neuman  relates,  that  he  obtained  fromthem,  bf 
diftillation,  an  oily  empyreumatic  fnbftance^ 
which  made  fyrup  of  violets  red,  and,  upon  ad* 
dition  of  concentrated  vitriolic  acid,  diffufed  the 
finell  of  vol^e  Ipirit  of  fait  (/)  :  but  Ludovict^ 
upon  diftillation,  obtained,  as  he  relates,  from  a 
pound  of  filiceous  earth,  two  drachms  of  an 
acid  liquor  with  a  fulphureous  odour ;  and  Ae 
Tefiduum,  by  elixation,  communicated  a  Ilypdir 
tafte  to  water,  from  which,  by  alkali  of  taitar, 
a  tartar  was  prec^tated  (g).  Carl  alfo  obtain4« 
ed  an  acid  liquor  of  the  fame  kind  (b). 
:  Others  fay  that  they  have  obtained  it  fubli^ 
filed  with  fal  ammoniac,  of  a  variegated  colour^ 
together  with  a  green  liquor.  Neuman  (i)  a& 
ferts,  that  he  was  able,  by  means  of  vegetabkr 
acids,  to  «ctra&  a  portion  of  lime  from  monn- 
tain  cryftal,  but  not  from  quartz  i  that  the  adds 
a&ed  more  powerfully  upon  the  cryftals  when 
calcined ;  that,  of  one  drachm  of  the  fofter  flinty 
aa  grains  were  diflblved  by  concentrated  vitrio* 
lie  acid,  and  by  the  diluted  acid  20 ;  by  marine 
acid  15  9  by  nitrous  acid  16  ;  by  vinegar  10 } 
but  that,  from  the  harder  flints  which  ftrike  fire, 
nothing  was  extracted  (k). 

Glaube;^  (0  imagines,  that,  on  diftilling  pow- 
dered quartz  or  flint  with  two  or  three  parts  of 

alkali 

(/)  Praelca.  Chcm.  (g)  Eph.  N.  C.  Dec. 

an.  6.  &  7«  (^)  Juncker  Confp.  Chem.  t.  i« 

(i)  L.  c  (i)  L.  c.  (/)  L.  c. 
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alkali  of  tartar,  it  foams  oat  <^  the  retort,  and 
diffufes  an  acid  liquor  like  to  marine  acid  ia 
Imell^  but  difiering  from  it  in  tiatfte,  and  other 
properties.  This  liquor  he  thinks  is  demed 
fixnn  the  alkaline  &lt,  though  Stahl  afcribes  it 
to  the  filiceous  matter. 

Fott  aflerts,  that  the  earth  precipitated  £rom 
liquor  of  flints  (mi)  by  acids,  is  perfedly  ibloble 
in  them,  and  that  with  Yitridic  add  it  prodocq^ 
alum  (n).  This  was  afterwards  aflented  to  by 
Beaome  (0),  but  is  very  jufily  denied  by  Car- 
theufer  (^j,  Scheele  (^),  and  odiers  (r).  The 
cdcbrated  J.  C.  F.  Meyer  obfenred  (/),  that  li- 
qoor  of  flints,  diluted  with  a  certain  quantity  d 
vBtcr,  bore  acids  without  precipitation.  This 
is  a  remarkable  phaenomenon,  whidi  viH  be 
C3[|dained  hereafter* 

Finally,  the  celebrated  Dr  Prieftfey,  who  is 
making  attempts  to  refolye  all  bodies  into  air, 
having  ezpofed  filiceous  powder,  moiflened  with 
acid  of  nitre,  to  an  intenfe  heat,  obtained,  in 
an  a{^>aratus  prepared  for  the  purpofe,  firft  aeri* 
al  acid,  then  nitrous  air  and  common  air,  and, 
lafUy,  air  of  remarkable  purity ;  and  thefe  he 

obtained 

(m)  Contra  EUenim*  («)  lidiog;  p.  5.  paedm 

(9)  Man.  de  Cbinnc.  {p)  Mtaer.  abh.  theiL 

(f)  Ad  Stock.  1776*  (r)  Difl*.  coaronn£e  |Nir 

k  Soc  Mbntp.  (/)  Befcbaft.  dcr  Berl.  Gt- 
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obtained  in  the  fame  order  feveral  times,  b] 
inoiftening  the  mafs  afrefli  (/)• 

The  illuftrious  Count  de  BufFon  connden 
clay  as  flint  minutely  divided,  and,  on  the  con* 
trary,  flint  as  clay  very  much  condenfed  ;  how 
juftly,  will  appear  from  the  fequel.  We  flial] 
pafs  over  the  loofe  conjectures  of  authors  coOf 
cerning  the  origin  of  this  earth ;  conjedurei 
which  are  only  built  upon  the  places  where  it  if 
found,  its  fituation,  or  other  circumftances,  of^ 
ten  very  trifling ;  and  only  obferve,  that  pure 
iiliceous  earth  is  generated  in  the  diftillation  d 
the  mineral  fluor  with  vitriolic  acid ;  a  fubjeS 
which  has  been  fo  ably  handled  by  Mr  Schede. 
How  this  genefis  of  filiceous  earth  is  effected, 
we  fliall  inquire  hereafter,  in  its  proper  place. 

§  11.   Criteria  rf  Siliceous  Earth. 

.  In  order  to  avoid  all  future  ambiguity,  it  fs 
neceflary  to  begin  by  defining  what  is  under* 
flood  by  the  itrva  Jiliceous  earth*  It  is  that 
earth  which  is  precipitated  by  acids  j&om  liquor 
of  flints,  and  which,  even  though  the  acid  be 
luperabundant,  remains  undiflblved.  Clay  is 
alfo  diflblved  by  alkaline  fahs,  and  is  alfo  preci- 
pitated  by  acids  ;  but  is  again  taken  up  by  the 
acid,  if  fufficient  quantity  be  added.  I  fhall 
therefore  pafs  over  the  latter,  and  go  on  to  men- 
tion 
(/)  Ezperiments  on  Air. 
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tioa  fome  of  the  principal  properties  of  the  for- 
mer earth,  fuch  as  are  often  ufeful  to  diRinguifh 
it  from  others  ;  but  I  fhall  only  take  notice  of 
t  few  properties  A^hich  may  ferve  as  criteria. 
The  following  are  the  n;cfl  remarkable,  and  fuch 
l«  fcrve  to  diflinguifh  it  very  eafdy  from  all  others. 

The  filiceous  earth  is  not  acted  upon  in  the 
ufual  way  by  any  acid,  that  of  the  mineral  duor 
excepted. 

But  it  may  be  diffolvcd  in  fixed  alkalis,  either 
by  the  dry  or  the  humid  way  ;  and,  in  the  for- 
mer cafe,  with  violent  efftrvefcence,  runs  into  a 
glaia,  which  is  fo  much  the  harder,  as  the  fili- 
ceous  earth,  by  means  of  a  due  degree  or  bear, 
conftitutes  a  larger  proportion  of  the  whole 
mafs.  With  -  alkali  a  clear  and  very  hard  glafs 
is  obtained ;  but,  with  double  ur  triple  the 
quantity,  a  vitrified  mafs,  which  attracting  the 
moifture  of  the  atmolphere,  deliquefccs  Iponta- 
neoufly. 

It  cannot  ►be  fufed,  when  alone,  by  the  moft 
violent  ordinary  fire,  but  is  diifolvcd  by  the  ad- 
dition of  borax,  without  etfervefccnce ;  it  is  al- 
fo  taken  up  by  the  microcofmic  falls,  though 
far  more  flowly  and  fparingly. 

S  III.    ///  Habits  zuith  AcUs. 

The  earth  newly  precipitated  from  liquor  of 

flints,  when  waflicd  and  ftill  wet,  cannot  Kc  Jif- 

VoL.  II.  C  lolved 
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folved  in  the  common  acids,  fuch  as  vitriolw, 
nitrous,  and  marine,  a! though  in  that  Hate  iti 
furface  is  increared  as  much  as  poffible  ;  and, 
although  to  each  pan  of  earth  1,000  of  concen* 
t rated  acid  were  added,  and  boiled  for  an  hour, 
the  filiceous  mafs,  when  afterwards  collected  and 
wiflied,  remains  of  the  fame  bulk  as  before,  aai 
the  meoftruum  is  not  impregnated  with 
fmalleft  particle. 

This  is  ftriftty  the  cafe  with  regard  to  pure 
fiHccons  earth ;  but,  if  three  parts  of  ^Ikalbi 
fait  be  meltpd  in  a  common  crucible  wiih  oai 
of  quarts,  the  fait  diiTolves  at  the  fame  time 
bout  o»o7  its  own  weight  of  th^  argillao 
matter  of  the  veffel,  which  are  precipitated 
acids,  and  re-dilToIved  upon  adJing  a  fufficiefli 
quantity  of  the  acid  menflmum  :  but  it  is  obvi 
ous,  that,  in  this  cafe,  the  argillaceous  clay  is  a 
foreign  admixture,  and  by  no  means  a  cool 
tuent  part  of  the  liquor  of  flints.  If  the  oj 
tlon  be  performed  in  an  iron  vcflel,  there 
be  no  argillaceous  earth  obtained,  however  i^n 
ten  the  experiment  be  repeated.  There  is  cer- 
tainly a  portion  of  clay,  though  extremely  fi 
which  is  always  found  in  quartz  itfelf ;  but  t] 
filiceous  earth  precipitated  from  liquor  of  flir'' 
and  freed  by  an  acid  from  all  heterogen^ 
matter,  though  afterwards  repeatedly  fufed 
fixed  alkali  in  an  iron  veffel,  will  not  yield 
the  moft  minute  portion  of  clay,    Thefc 


ma 
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KDt  cafes  ilieuld  be  well  cbferved,  led  we  be 
led  into  sa  erroneous  belief  of  the  converfion  of 
filiceous  into  argillaceous  earth. 

We  (hall  hereafter  (§  iv.  c.)  fee  that  filice- 
ons  eardi  may,  by  certain  management,  be  dif- 
folTed  in  acids. 

(b)  The  fiuor  acid  is  never  got  entirely  fee 
from  £liceous  earth ;  fo  that,  being  more  or  left 
leaded  with  it,  it  mud  of  courfe  be  found  lefs 
adive.  Here  it  is  proper  to  obferve,  that  fuch 
earth  is  called  filiceous  as  is  either  collected  in 
the  recipient  during  the  diftillation  of  fluor  acid,' 
or  is  afterwards  depoflted  by  that  acid.  The 
reafon  of  this  denomination  will  appear  hereaf- 
ter, (S  v.). 

In  -order  to  examine  the  folvent  power  of  this 
add,  ia  the  year  1773  fome  quartz,  very  finely 
powdered,  was  put  into  a  bottle  which  contained 
f  of  a  kanne  of  the  acid.  The  bottle  was  then 
flightly  corked,  and  fet  by  in  a  comer  of  the 
room.  Two  years  afterwards  it  was  examined ; 
and,  the  liquor  having  been  poured  out,  there 
were  found  concreted  at  the  bottom  of  the  veffel 
(befides  innumerable  fioiall  prifmatic  fpiculse) 
thirteen  cryftals,  of  the  fize  of  fmall  peas,  but 
moftly  of  an  irregular  form.  Some  of  them  re* 
iembled  cubes  whofe  angles  were  all  truncated, 
fuch  as  are  often  found  in  cavities  of  flints. 
Thefe  filiceous  cryftals,  the  firft  perhaps  that 
were  jtrer  produced  by  art,  were  indeed  hard, 
C  2  but 
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but  net  comparable  with  quartzj-  Mcqpt  in  cf- 
fcntial  properties,  in  which  they  perfeftly  a« 
greed..  Poffibly  the  length  of  a  century  tnay  be 
neceffary  for  theni  to  acquire,  by  exficcatioil,  a 
fufficient  degree  of  hardnefs.  The  bottk  itfctf^ 
as  far  as  the  liquid  had  reached,  was  foiind  co- 
vered on  the  infide  with  a  very  thin  filiceous 
pelHcle,  which  was  fcarcely  vifibie,  but  feparated 
on  brealdng  the  bottle  :  It  was  extremely  pellu- 
cid, flexible^and  exhibited  the  prifmatic  coloiirs. 

Thefe  phaenomena  (hew  that  much  ffliccous 
matter  is  dilTolved  and  fufpended.  Whether 
any  of  the  quartz  was  taken  up  is  uncertain ; 
but  it  appears  probabk,  that  little  or  none  was 
diflblved  in  this  experiment,  fince,  by  the  hdp 
of  heal,  during  the  diflillation,  the  acid  had  pre* 
vioufly  taken  up  fo  much  filiceous  earth,  tbat 
upon  flow  evaporation  it  was  unable  to  retain 
it.  Hence  appears  the  origin  of  the  cr^'ftals  and 
the  pellicle ;  and  hence  appears  the  caufe  which 
impedes  the  action  of  fluor  acid  upon  flint; 
namely,  that  the  acid  obtained  in  the  ordinaiy 
way  is  already  faturated  with  it. 

Flint  diflblved  in  fluor  acid  is  moft  compIet^ 
ly  precipitated  by  volatile  alkali ;  and  by  thii 
method  it  is  found,  that  one  pare  of  flint  is  con- 
tained in  600  of  the  acid  fo  much  diluted,  that 
its  (pecific  gravity  is  only  1,064.  Thisprecifi 
tate  poflefles  all  the  criteria  of  pure  flint,  (§  n.): 
But  that  which  is  precipitated  by  fixed  alkaht 
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tbhet  vegetable  or  mineral,  does  not  exhibit  a 
pute  filiceous  matter,  but  a  triple  fait  of  a  pe- 
coliar  kind,  compofed  of  filiceous  earth,  fluor 
acid,  and  iiKed  alkali,  which  diflblves,  though 
difficultly,  in  warm  water,  (efpecially  that  which 
is  made  with  vegetable  alkali),  but  is  eafily  de* 
compofed  by  lime-water,  and  lets  fail  the  mine- 
lal  floor  regenerated ;  fo  that  this  precipitate 
muft  be  well  diftinguilhed^  and  not  confounded 
with  that  which  ia  precipitated  1>y  volatile  alkali. 

§  IV.  Ifs  Habits  with  alkalirte  Sahs. 

In  the  humid  way,  (by  boiling),  fixed  alka- 
line (alts  attack  the  filiceous  earth,  but  not  un* 
lels  it  be  very  finely  comminuted,  and  newly 
precipitated  from  liquor  of  flints.  Alkali  of  tar- 
tar,  fpontancoufly  diiToIved  by  attrafting  moi- 
fture  from  the  atmofphere,  by  boiling  takes  up 
about  one-fixth  of  its  own  weight ;  and  the  li- 
quoT,  upon  coolitig,  forms  a  jelly,  although  at 
firft  diluted  with  fixtecn  times  its  weight  of  wa* 
tcr.  This  folution  is  effefted  by  the  cauflic  por- 
tion,  which  is  always  prefent  in  this  alkali ;  for, 
when  the  alkali  is  aerated,  it  rcjeQs  the  earth  j 
nay,  upon  the  addition  of  aerial  acid,  even  the 
cauftic  alkali  depofits  the  earth. 

The  volatile  alkali,  even  though  cauftic,  has 
no  effed  in  this  way. 

C  3  (b)  In 
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(b)  In  the  dry  way  fixed  alkalis  attraft  filico 
ous  eanh,  infomuch  that  one  half  its  weight  of 
thefe  falts  melt  with  it  into  a  glafs  tranfparent, 
hard,  and  firm,  which  is  not  the  cafe  with  any 
other  earth  yet  known.  During  the  conjunc- 
tion a  violent  effervefcence  is  obferved  ;  but,  if 
the  vapour  which  afcends  be  colleded,  k  is 
found  to  confifl:  of  nothing  but  water  and  aerial 
acid. 

If  the  proportion  of  alkali  be  greater,  a  ghift 
is  obtained  more  foft  and  lax  ;  and,  if  it  be  in- 
creafed  to  double  or  triple,  the  glafs  attrafts  the 
moifture  of  the  aix?  and  is  refolved  into  a  liqucr, 
which  (fpom  the  filiceous  earth)  is  called  liqjuor 
of  flints. 

(c)  This  liquor  is  precipitsrted  by  all  acids, 
as  the  alkali  unites  to  them  more  readily  than 
to  the  filfceous  earth,  which  (being  thus  dcpri* 
ved  of  its.menftruum)  falls  to  the  bottom.  The 
filiceous  matter,  thus  precipitated^  is  of  an  ex- 

.  ceeding  loofe  and  fpongy  texture,  and  is  fwelled 
by  water  fo  much,  that  its  bulk,  when  wet,  ex* 
ceeds  its  bulk,  when  dry,  at  leaft  twelve  times ; 
nor  does  it  contraft  more  in  the  water,  though 
fuffered  to  reft  in  it  a  long  time.  Hence  the 
liquor  of  flints  may,  by  time  and  a  quantity  of 
precipitant  properly  adjufted,  be  eafily  converted 
into  a  jelly,  efpecially  if  diluted  with  four  or 
eight  times  its  weight  of  water  :  for,  in  that 
cafe,  the  fluidity  is  fo  regulated,  that  the  preci- 
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tast  can  eafily  feparate  the  filiceous  particles ; 
and  the  particles  fo  feparated  can  at  once  occu- 
py the  ubole  mafs ;  but,  if  an  over^propomoa 
of  water  be  ufed,  (for  iflftEnce,  tweaty^four 
times  the  weight),  in  this  cafe^  the  liquor  re- 
mains  limpid,  although  fo  much  acid  be  added 
as  is  more  than  fufficicnt  eo  (acurate  the  alkali. 
This  is  a  remarkable  phaenomenon,  the  rationale 
of  which,  if  I  miflake  not,  is  the  following : 

'fhe  filiceous  particles  are  removed  from  each 
other  ?ery  much  by  the  diluting  water  j  or  ra- 
ther^ bdog  diffuled  through  fo  large  a  mafs,  are 
more  rare.  Now,  by  every  diminution  of  bulk 
tbefurface  is  increafed,  and,  together  with  that, 
the  contact  of  the  furrounding  fluid  ;  hence,  al- 
though the  filiceous  earth|  by  its  fpeclfic  gravi- 
ty, Aiould  lall  to  the  bottom,  yet,  in  (he  prefent 
cafe,  it  is  not  able  to  oYercome  the  refiftence 
occasioned  by  fridioiri  for  greater  force  i$  re- 
quifite  to  open  the  way  downwards,  than  is  fup- 
plied  by  the  difference  of  fpectfic  gravitiet .  The 
filiceous  molecules,  therefore^  remain  fufpended 
ia  the  iluid  at  the  fame  time  invilible,  both  oa 
account  of  their  tenuity  and  their  tramparency : 
boi,  if  the  bulk  of  the  fluid  be  diminlfiicd  by 
evaporation,  efpecially  by  boiling,  which  at  cncc 
diminifties  its  gravity  and  tenacity,  the  filiceous 
matter  is  feparatrd. 

Liquor  of  fiints  is  alTo  decompofed  by  too 
great  a  quantity  of  water  ;  for  by  this  the  cffi^ 
J  C  4  cacjc. 
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cacy  of  the  alkaline  menftruum  h  fd  much  dl- 
ipinifbed,  tliat  it  is  no  longer  able  to  keep  the 
llliceous  matter  diffolved ;  and  it  is  alfo  panfy 
faturated  with  tht  aeriul  acid  inherent  in  tfal 
water. 

(d)  It  may  iceni  exiraordinary,  that  floor  a- 
cid  fliould  precipitate  liquor  of  flints,  as  this  acid 
flrcngly  attra£ls.thc  filiceous  earth  i  but  it  is  to 
be  otfcrved,  that  ir  ft  ill  more  ftrongly  attrafti 
the  alkali :  BefideSf  in  this  cafei  it  is  not  a  purej 
llliceous  matter  which  is  precipitatedj  but  M 
earth*  cDiubitied  both  with  acid  and  alkali,  aa'l 
was  before  obferved,  (§  hu  b,).  But  there  h 
fome  difference  in  the  two  cafes ;  for,  in  tbii^fl 
inftance,  the  acid  and  the  alkali,  both  loaded^^ 
with  filiceous  earth,  meet  one  another.  While, 
iherefore^  the  acid  is  faturated  with  alkali^  it  a- 
lone  depofits  a  quantity  of  filiceoiis  matter  j  this 
depofilic^,  therefore,  may  all  be  diflblved  by 
moderate  heat  in  a  fufitcient  quantity  of  water  > 
^nd,  when  expofcJ  to  the  flame  by  a  blow- pipe, 
readily  fufcs,  exhibiting  a  pellucid  little  fphere, 
which,  upon  lofing  its  fluidity,  grows  opaque 
and  white.  The  precipitate  from  liquor  of  flints 
by  fluor  acid  has  the  fame  properties,  but  fome* 
what  lefs  folubility  and  difpofition  to  liquefy^ 
doubtlefs  occaConed  by  a  larger  proportion  of 
llliceous  earth.  Both  tliefe  fa  line  precipitate! 
contain  the  fluor  aciJ,  which  is  difcharged  upon 
the  addition  af  the  vitriolic^  ^d  the  ordinary 
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pliaenomena  exhibited.  To  ad  inattentii^e  db- 
ferver  it  will  appear,  that,  in  this  cafe,  We'tetttf 
the  flaor  tnintral  accompaAyiiig  the  atfid  ;^  but  4 
mote  accurate  examiniition  will  det«ft  this  er- 
ror :  for  the  refiduutn,  after  the  diffillation  of 
fluor,  always  contains  gypfum,  fometimes  misted 
with  alum  and  flint ;  whereas  iiere  nothing  r6» 
mains  but  vitriohted  aHcali,  intermixed  Tidth 
flint.  Hence  we  fee  how  much  cautloA  and  ti* 
gilance  is  neceflary,  to  prevent  us  -from  efidbn^ 
dng  error  inftead  of  truth. 

(e)  The  aerial,  which  is  the  weakeft  of  all 
acids,  yet  precipitated  liquor  of  flints  ;  and  that 
quickly  and  copioufly,  if  it  be  fuddenly  added^ 
and  in  fufficient  quantity  ;  but  it  is  not  necefla- 
ry  to  mix  them ;  it  is  fufficient  if  liquor  of  flints 
be  expofed  to  the  atmofphere,  either  open  or 
imperfeftly  (hut;  for  then  the  fubtile  precipi- 
tant is  attraded,  and  the  fluid  depofited  very 
ilowly,  in  proportion  zi  the  aTkall  is  aerated. 

5  V.    Siliceous  Earth  pojffkjfes  fomewhai  of  a  f aline 
nature. 

The  proof  of  this  is  not  to  be  drawn  from  the 
cryftallipe  figures  which  filiceous  flones  often 
aiTume,  (for  this  is  a  property  not  peculiar  to 
falts),  more  convincing  arguments  may  be  drawn 
from  its  compofition  and  its  folubility. 

(A)  In 
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(a)  In  order  to  underftand  the  genefis  of  fili*^ 
Ceous  earth,  as  far  as  it  has  yet  been  pD0Ible  to.^ 
penetrate  that  myftery,  let  us  attentively  confi^ 
der  the  diftillation  of  fluor  acid*     The  phaeno* 
mena  of  this  operation  are  entirely  of  a  new 
fpecies,  and,  to  be  viA\  underftoodj  require  the 
greatelt  fkill  and  attention. 

Let  I  GO  parts  of  pulverized  fluor  be  put  imo 
a  glafs  retort,  and  through  a  tube  50  parts  of 
highly  concentrated  vitriolic  acid  bepoaredin; 
immediately  a  feniible  degree  of  heat  is  So^^^m 
to  arife  in  the  mafs,  and  a  vapour  of  a  mo^f^H 
netratiDg  odour  is  produced;  let  100  parts  of 
diflilled  water  be  kept  in  the  recipient ;  let  a 
gentle  heat  be  applied,  which  is  to  be  raifed  by 
degrees,  until  the  bottom  of  the  retort  becomes 
at  lall  red  :  During  this  time,  the  body  ani 
neck  of  the  retort  are  incrulled  by  a  white  mat- 
ter, and  the  furface  of  the  water  in  the  recipient 
is  covered  ^ith  a  cruft  of  the  fame  colouTi 
When  the  veflels  cool,  let  the  white  matter  In 
the  recipient  be  fir  ft  coMeded,  well  wafhed,  and 
dried  ;  it  is  found  to  be  equal  to  about  one  pan 
and  a  half  of  the  mafs  fubje£ted  to  the  dillilla* 
tion. 

This  is  very  light  and  fpongy  \  not  only  in- 
folublc  in  water,  but  in  the  ftrongefl  acids  j  very 
refradory  in  the  fire  w^hen  alone.  With  one 
half  of  fixed  alkali^  it  yields  a  tranfparen!  an^J 
ftrong  glafs,  but  with  three  times  that  quantity 

produce? 


OF  SILICEOUS  EARTH.  4S 

produces  a  faline  mafs,  which  deliquefces,  and 
becomes  liquor  of  flints  :  In  a  word»  it  exhibits 
all  the  criteria  of  a  true  and  pure  (iliceous  earth; 
and,  on  ezpofition  to  the  focus  of  a  burning 
mirror,  agrees  with  that  earth,  as  the  celebrated 
Macquer  experienced  with  a  fmall  portion  of 
this  filiceous  powder,  artificially  prepared  in  the 
laboratory  at  UpfaL 

Befides  the  filiceous  earth  aboye  mentioned, 
which  is  chiefly  formed  in  the  recipient,  a  white 
pellicle  adheres  to^  the  neck  and  body  of  the  re- 
tort.  This,  upon  examination,  is  found  to  be 
nothing  but  the  mineral  fluor,  more  or  lefs  de- 
prived of  phlogifton,  enveloped  even  externally 
by  its  own  acid,  but  containing  little  or  nothing 
of  filiceous  earth  :  It  therefore  eafily  fufes,  up- 
on expofure  to  the  blow-pipe ;  and,  upon  addi- 
tion of  vitriolic,  the  fluor  acid  is  expelled. 

If  the  diftillation  be  performed  with  an  equal, 
a  double,  or  a  flill  greater  quantity  of  vitriolic 
acid,  the  fame  phaenomena  take  place,  but  with 
greater  vehemence ;  more  of  the  fluor  is  volati- 
Dzed ;  and  it  fometimes  even  pafles  over  into 
the  receiver :  The  glafs  is  almoft  always  cor- 
roded,  and,  if  thin,  perforated.  The  water  in 
the  receiver,  which,  by  the  firft  method,  con- 
tains  a  pure  fluor  acid,  is  in  the  latter  more  or 
lefs  mixed  with  the  vitriolic.  The  elaflic  fluid, 
which  is  generated,  and  may  be  coUeded  in 
mercury,  does  not  proceed  entirely  from  the 

fluor 
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floor  alone,  but  is  alfo  inixed,  more  or  lefs, 
t^ith  fomettting  proceeding  from  phlogifticated 
vitriolic  add ;  fo  that  a  wrong  judgment  is 
formed  of  the  whole  elaftit  fluid,  from  that  by 
which  it  is  adulterated. 

The  mineral  fluor,  diftilled  in  the  fame  man- 
ner with  four  times  its  quantity  of  nitrous  or 
marine  acid,  yields  the  fame  produft ;  but  a 
fmaller  quantity  of  fluor  is  volatilized,  lefs  fluor 
acid  is  extricated,  and  lefs  filiceous  earth  is  pro* 
duced.  The  water  in  the  recipient,  befides  the 
fluor  acid,  always  contains  fomewhat  of  the  de- 
<!ompofilig  acid ;  nay^  the  acids  of  the  vegetable 
"and  animal  kingdoms  produce  the  fame  effed, 
but  in  a  fmaller  degree.  The  filiceous  canh  is 
then  generally  found  to  be  wanting  in  the  re- 
ceiver i  and,  from  the  weaknefs  of  the  decom- 
pofing  acid,  a  fmaller  quantity  of  fluor  acid  is 
expelled,  fometimes  indeed  fo  fmall,  that  the 
whole  of  the  earth  produced  is  diflblved ;  but  it 
can  again  be  feparated  by  volatile  alkali.  Ac- 
xrording  to  the  new  table  of  attraftions  of  the 
fluor  acid,  it  has  a  greater  affinity  with  lime  than 
the  nitrous,  marine,  and  other  acids  have ;  and 
this  is  agreeable  to  experience ;  but,  when  heat 
is  applied,  the  more  volatile,  though  it  be  thc^ 
flronger  acid,  muft  yield  to  the  more  fixed.  The 
fluor  obftinately  refifts  fire  when  alone  ;  but,  hj 
means  of  another  acid,  a  fmalj  degree  of  heat  is 
fufiicicnt  to  volatilize  it.     The  mineral  fluor, 
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dioiigh  often  iKated  aad  extingui&ed  in  watery 
yet,,  when  afterwards  diftiiled  with  vitriolic  add, 
yields  its  addin  the  ufual  way. 

Moft  of.  thefe  phaenomena  arc  eafily  under* 
ftood,  mpon  the  fappofition  that  the  floor  add, 
united  with  iime,  conftitutes  the  fluor  it£elf ; 
that  St  is. very: volatile;  and  that^  when  expd* 
led^  it  devates  fome  of  the  fluor  to  a  certain 
hefgfat^.and  that  this  height  is  the  greater  Jn 
proponion  asohe  czpnlfion  of  the  add  is  quicki* 
er.  It  has  aUb  been  demonflrated- before,  (Snu)^ 
that,  when  hot,  it  attracts  filiceous  earth  very 
powerfully ;  and  this,  without  doubt,  is  the  rea* 
Um  why  glafe,  which  is  always  partly  compoied 
of  filiceous  earth,  is  corroded. 

The  prindpal  objefUons  whidi  in  this  bufi- 
neft  obfcure  the  truth,  and  diminifh  the  validity 
of  our  conclufions,  though  already  mentioned^ 
fliall  here  be  fet  in  view  together,  as  they  throw 
feveral  obftacles  in  the  way  of  our  refearch. 
Thefe  are,  ift,  the  immoderate  quantity  of  vi- 
triolic add.  If  the  fluor  add  only  be  required, 
one  half  the  weight  of  the  decompofing  add  is 
fuflicient ;  if  a  perfed  decompofition  of  the 
fluor,  there  is  need  of  four  times  the  quantity  ; 
and,  in  general,  we  cannot  err  by  the  largeneis 
of  the  proportion.  2d,  By  want  of  water  in 
the  recdver,  the  glafs  veflels  are  more  corroded, 
and  the  elaftic  vapour,  which  cstfinot  be  conden- 
fed  into  a  liqmd  form  without  it,  now  for  the 
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moft  part  burfts  forth,  b^ing  only  confined  by 
the  portion  of  water  which  adheres  to  the  vitri- 
olic acid.  Great  obfcurity  arifes  from,  3d,  con- 
founding things  that  ought  to  be  diftinguilhed 
from  each  other.  The  volatilized  fluor,  the 
pure  filiceous  earth  found  chiefly  in  the  receiver, 
the  precipitates  from  the  fluor  acid  by  fixed 
or  volatile  alkali,  are  all  fubftances  that  fhould 
be  carefully  diftinguifhed.  In  like  manner,  the 
elaftic  fluid,  elicited  from  the  mineral  fluor  by  a 
proper  quantity  of  vitriolic  acid,  is  very  diffe- 
rent from  that  obtained  by  the  fame  acid  phlo- 
gifticated.  But  let  us  return  to  our  proper 
bufinefs  ;  for  all  the  properties  of  fluor  acid  do 
not  belong  to  the  prefent  inquiry,  which  only 
regards  the  filiceous  earth.  I  thought  it,  how- 
ever, necefliary  to  mention  fuch  of  them  as  lead 
direftly  to  the  end  propofed. 

The  queftion  then  is,  whence  the  filiceous 
earth,  which  occurs  in  the  operation,  is  deri- 
ved ?  Whether  it  is  extrafted  from  the  mineral 
fluor,  and  elevated  by  the  fluor  acid,  or  whether 
it  is  extricated  from  the  glafs  veflTel  itfelf? 
Many  circumflances,  hereafter  to  be  mentioned, 
are  repugnant  to  each  of  thefe  opinions  ;  and 
the  experiments  which  have  hitherto  been  infti- 
tuted,  rather  feem  to  indicate  that  this  fubftance 
is  aftually  produced  during  the  operation. 

I  fit.  That  the  filiceous  eahh  does  not  owe  its 
prigin  to  the  mineral  fluor,  is  eafily  fliown ;  for, 

although 
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sldioiigh  this  fluor  tomtdmes  contains  fiiiceont 
earth,  yet  this  does  not  always  happen ;  and, 
nererthdeft)  as  large  a  produce  of  that  earth  is 
had  from  that  which  is  entirely  deftitute  of  filip 
ceons  matter,  as  from  that  which  contains  it. 
The  gre^  earth  of  Garpenberg,  for  inftance,  is 
in  general  entirely  free  from  filiceous  earth,  and 
therefore  may  be  totally  diflblved  either  in  ni- 
trous or  marine  acid.  This  Iblution,  upon  the 
addidon  of  cauftic  alkali,  precipitates  pure  fluor^ 
totally  michanged;  but  the  mild  alkali,  by 
means  td  a  double  eledive  attradion,  precipi- 
tates aerated  lime.  On  the  addition  of  vitriolic 
add,  gypfum  is  formed. 

2d,  As  the  glais  is  corroded  by  the  vapour 
of  the  fluor  acid,  at  firft  fight  it  appears  not  an 
improbable  conjedure,  that  the  filiceous  earth 
which  appears  is  produced  from  thence ;  but  we 
muft  obferve,  that,  by  employing  a  finall  quan- 
tity of  fluor  and  a  gentle  fire,  the  filiceous  earth 
nuy  be  obtained  without  any  corrofion ;  befides, 
the  corrofion  bears  no  proportion  to  the  quantity 
of  filiceous  earth. 

3d,  That  the  filiceous  earth,  diflbived  or  vo- 
latilized by  the  add,  pafles  over  from  the  retort 
into  the  recdver,  is  an  opinion  contradiQed  by 
a  variety  of  qq>eriments }  if,  in  place  of  water, 
alcohol  be  put  into  the  recdver,  the  add  is  coU 
leded  in  it,  but  no  filiceous  powder,  which,  on 
the  bypothefis  of  volatilization,  ought  to  be 

found. 
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dbund.      Of.  this  circumftance  'we  fhall  ^eak 
mote  at  large  hefeafter* 

But  the  powder  formed  in  the:  receiver,  well 
wafliedj  and  difijlled  with  vitriolic  acid,  is  not 
elevated,  much  lefs  does  it  p^s  over  into  the 
receiver,  and  it  yields  no  fluor  acid.     Left  it 
ftould  be  fufpeAed  that  this  is  owing  to  a  d^fi* 
ciency  of  the  pblogifton  neceflary  to  volatiliza- 
tion, let  a  few  drops  of  olive  oil  be  added,  and 
from  hence,  upon  the  application  of  heat,  a 
white  fmoke  will  arife  ;  and,  if  the  end  pf  the 
retort's  neck  be  plunged  in  water,  a  white  fqua- 
mous  membrane  is  generated  on  the  furface. 
This  would  at  firft  appear  a  proof  of  the  volati- 
lization of  filiceous  earth  ;  but,  upon  examina- 
tion, the  error  is  difcovered,  this  membrane  be- 
ing found  to  be  nothing  more  than  a  febaceous 
matter  difcharged  from  the  oil  by  means  of  the 
acid,  in  a  ftate  of  coagulation,  and  carried  up 
by  the  fmoke ;  and  the  fame  kind  of  membrane 
is  produced,  if  nothing  be  ufed  but  the  oil  and 
the  acid.   If  the  fiuor  acid  be  nothing  more  than 
a  modification  of  the  vitriolic,  (a  queftion  which 
muft  be  decided  by  future  experiments),  the 
change  produced  in  this  cafe  is  a  very  lingular 
one,  and  muft  be  totally  different  from  that  oc- 
cafioned  in  general  by  phlogifton :  In  the  mean 
time,  it  cannot  with  juftice  be  denied,  that  the 
fluor  acid  is  contained  in  the  fluor  itfelf ;  for,  if 
the  fluor  acid  be  mixed  with  lime-water,  the 

mixture 
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mixture  immediately  becomes  turbid,  and  a 
powder  is  depoficed,  which,  wa(hed  and  dried 
in  a  certain  degree  of  heat,  becomes  phofpho- 
ric  ;  diftilled  with  vitriolic  acid,  it  yields  fluor 
acid  and  filiceous  earth,  and  agrees  in  all  re^ 
fpe&s  with  the  mineral  fluor.  On  what  pretext, 
then,  can  it  be  denied  that  the  acid,  which  was 
juft  now  mixed  with  it,  is  prefeut  in  it  ?  The 
mineral  fiaor  is  therefore  lime  faturated  with 
fluor  acid.  Sometimes^  indeed,  there  is  prefent 
a  little  clay  and  flint :  Thefe,  however,  are  not 
always  found,  but  only  cafually  ;  and  they  by 
no  means  conftitute  the  eifence  of  the  fubftance. 
The  greateft  quantity  that  I  have  yet  found,  was 
four  grains  of  clay  in  ah  ounce  of  mineral  fluor, 
thai  is  -pj^  There  is  alfo  fometimes  a  fmall  por- 
tion of  marine  acid,  which  has  not  yet  been  found 
to  exceed  five  grains  in  an  ounce  of  mineral  fluon 

Upon  confidering  thefe  circumftances,  which 
ore  not  the  refult  of  a  (ingle  experiment,  flight- 
ly  confidered^  but  of  diftillations  frequently  re« 
peated^  and  accurately  examined,  it  feems  ne* 
ceflfary  to  have  recourfe  to  a  new  produdion,  a 
thing  which  indeed  fliould  never  be  attempted 
but  upon  the  beft  grounds. 

In  general,  we  can  no  other  way  conceive  the 
nature  of  fluid  bodies,  than  by  confidering  them 
as  congeries  of  folid  particles,  which  are  fo  mi- 
nute, t^at,  when  combined  with  a  certain  quan- 
tity of  beat^  they  acquire  that  degree  of  mohi- 

VoL.  II.  J}  Uty 
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lity  which  is  fufficient  to  preferve  a  level  fuf- 
face ;  which  level,  if  by  any  means  diflurbed,  is 
immediately  recovered.  Now,  the  primary  a^ 
queous  elements,  united  while  in  a  fluid  date 
with  fluor  acid,  fcarcely  contrad  a  firm  texture, 
but  yield  a  dilute  acid,  a  circumftance  which 
takes  place  with  refpeft  to  other  acids  ;  but, 
upon  the  application  of  heat,  they  put  on  the 
form  of  an  elaftic  vapour ;  and,  in  this  ftatei 
meeting  with  the  vapour  of  the  fluor  acid)  it  it 
extremely  probable,  that,  by  their  union,  they 
form  the  white  powder  above  mentioned.  It 
is  certain,  that,  when  liquid,  they  both  offer  a 
much  fmaller  furface  of  contad  than  when  in 
the  (late  of  vapour;  and  this  difference,  in  the 
latter  cafe,  occaiions  a  very  clofe  union,  which, 
in  the  former,  can  fcarce  poflibly  take  place^  m 
account  of  the  fmall  furface  of  contajQ:.  If  oii* 
neral  fluor  be  treated  with  highly  concentrated 
vitriolic  acid,  unlefs  there  be  water  in  the  re- 
ceiver, the  elaftic  vapour  can  fcarcely  be  coSf 
denfed  int6  a  liquid  form,  but,  for  the  moft 
part,  penetrates  the  luting,  and  corrodes  the 
glafs  in  a  more  than  ordinary  manner :  By 
means  of  the  water^  which  ftill  adheres  to  the 
vitriolic  acid,  a  fmall  quantity  of  liquor  will  be 
formed,  viz.  as  much  as  efcapes  being  condco^ 
fed  into  an  earth.  The  acid  vapour  itCbif,  co^ 
leded  in  mercury,  yields  an  elaftic  fluid,  not 
condenfible  by  cold :   Water  abforbs  this  acid 

fluid, 
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fluids  but  watery  vapour  coagulates  it.  Hence 
we  may  underftaod  why  pulverized  mineral 
fluor,  when  expofed  to  a  digefting  heat  in  a 
dole  cucurbit,  with  twice  its  quantity  of  con- 
centrated vitriolic  acid,  covers  wet  bodies,  fu* 
fjpended  over  the  mafs,  with  a  white  powder, 
while  dry  bodies,  expofed  in  the  fame  way,  dp 
not  contraft  a  particle  of  powder ;  as  alfo,  why 
the  fluor  acid,  often  diftilled  with  water,  may  be 
totally  converted  into  fiiiceous  earth.  There  is 
therefore  neceflary  for  <his  concretion  (befides 
the  bot  acid  vapours)  water,  alfo  converted  in« 
to  vapour ;  and  the  coagulation  is  performed 
with  great  difficulty  within  the  mafs,  but  very 
cafily  at  the  furface,  which,  while  fluid,  is  in  a 
perpetual  ftate  of  evaporation* 

But,  whatever  be  the  caufe  of  this  lingular 
onion,  (which  is  highly  deferving  of  accurate 
examination),  it  is  at  leaft  certain,  that  the  fluor 
acid  makes  a  part  of  it.  Such  a  combination  is 
very  analogous  to  the  neutral  and  middle  falts, 
and  therefore  is  not  without  reafon  coniidered 
at  partaking  of  a  laline  nature,  although  fcarce- 
ly  (bluble  in  water,  in  the  lame  manner  as  gyp- 
fom,  or  as  the  mineral  fluor  (which  confifts  of 
fluor  acid  iaturated  with  lime,  and  is  totally  in- 
foloble  in  water)  is  acknowledged  to  approach 
to  the  nature  of  middle  earthy  faks. 

(b)  Let  us  now  fee  whether  fiUceoas  earth  be 

totally  infoloble  in  water.    That  certain  waters 

D  2  contain 
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contain  filiceous  earth,  is  beyond  a  doubt ;  but 
it  is  probable  that  it  rather  remains  fufpended 
in  them  by  means  of  the  fubtlety  of  its  parts, 
than  in  virtue  of  a  true  folution. 

It  is  known  that  water  becomes  the  more  ca- 
pable of  diflblving  bodies,  in  proportion  to  iti 
degree  of  heat ;  but,  in  open  veflels,  it  is  inca- 
pable of  receiving  a  degree  of  heat  greater  thaa 
that  of  the  boiling  point,  or  loo*.  Siliceous 
earth,  expofed  in  water  to  a  boiling  heat  for 
ever  fo  great  a  length  of  time,  is  fcarce  fenfibly 
diminifhed ;  fo  that  by  this  experiment  it  feemi 
.totally  infoluble  J  but  we  cannot  thence  con- 
dude,  that  it  is  able  to  refifl;  a  greater  heat. 
The  efficacy  of  Papin's  digefter  has  (hewn,  that 
many  bodies  may  be  diffolved  which  totally  re* 
fift  boiling  in  open  veflels  :  At  the  fame  time, 
it  mud  be  confefled,  that  no  one  has  yet  tried 
filiceous  earth  in  this  way ;  fo  that  we  ihould  be 
entirely  ignorant  what  would  be  the  event,  had 
not  nature  herfelf  fpontaneoufly  afEfted  our  ig* 
norance  and  Ooth. 

Thus,  at  Geyfer,  in  Iceland,  there  fprings  up 
z  hot  water,  which,  upon  cooling,  depofits  fili- 
ceous earth ;  and  of  this  very  matter  has  form* 
ed  for  itfelf  a  crater,  in  which  columns  of  wa* 
ter  of  a  ftupendous  bulk,  after  they  have  been 
thrown  to  the  height  of  90  feet  and  upwards^ 
£U1,  and  are  again  received.  The  heat  of  the 
water,  during  the  explofion,  cannot  indeed  be 

meafured ; 
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meafured;  but,  after  it  has  rifen  and  fallea 
through  a  ftratum  of  air  go  feet  thick,  it  raifes 
the  thermometer  to  loo"* ;  which  evidently  fhews 
that  the  heat  in  the  bowels  of  the  earth  muft  be 
Taftiy  more  intenfe  ;  and  this  we  (hall  ceafe  to 
wonder  at,  when  we  confider,  that,  in  this  cafe, 
the  fubterraneous  fire  a£ts  upon  the  water  in  ca- 
verns clofed  up  by  very  thick  ftrata  of  ftones, 
an  apparatus  far  more  effe&ive  than  Papin's  di« 
gefter.  The  crater  undoubtedly  was  at  firft 
fimned,  and  is  daily  ftrengthened  by  filiceou$ 
earth,  which  quits  the  menftruum  on  its  being 
cooled,  falls  down,  and,  being  in  fomewhat  like 
a  loft  ilate,  concretes  (o)« 

From  what  has  been  faid,  it  abundantly  ap« 
pears,  that  filiceous  earth  is  of  a  faline  nature, 
but  differs  fo  much  in  degree  of  folubility,  that 
onr  artificial  limits  oblige  ps  to  refer  it  to  the 
earths. 

5  VI.     Wbetber  Siliceous  Earth  be  a  primitive 
Earth. 

Thofe  earths  are  called  primitive  which  can- 
not artificially  be  refolved  into  fuch  as  are  more 
fimpie ;  derivative,  thofe  which  are  compofed 
of  two  or  more  primitive  earths  intimately  unir 
ted.  The  queftion  is,  then,  to  which  of  thefc 
claffes  the  filiceous  earth  may,  with  moft  pro- 
O  3  Pricty, 

(«)  V«de  De  Produa.  Vulcan. 
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priety,  be  referred  ?  If  the  queftion  was,  wh^ 
ther  filiceous  earth  be  altogether  fimplc  and  ho- 
mogeneous ?  the  proper  anfwer  would  be  mdiQ 
negative ;  for,  upon  confidering  the  very  pro- 
bable circumftances  above  related,  concerttiog 
the  origin  of  this  earth,  it  appears  plainly  to 
confift  of  two  principles,  namely,  the  fluor  add, 
and  fomewhat  derived  from  the  water.  It  can« 
not,  therefore,,  be  confidered  as  fimple  and  bo* 
mogeneaus ;  but,  inafmuch  as  we  are  ignoran^ 
of  the  true  nature  of  the  primary  (lamina  of  wt« 
tcr,  and,  as  it  does  not  appear  that  any  of  ^ 
other  primitive  earths,  fuch  as  lime,  terra  pen* 
derofa,  magnefia,  or  pure  clay,  are  derived  from 
the  genuine  fubftance  of  water,  it  appears,  Aat, 
in  mineralogy,  the  filiceous  earth  may  proper!]! 
be  confidered  as  primitive,  until  by  apt  exftiU 
xncnts,  both  analytic  and  fynthetic,  it  be  de» 
monftrated,  that  the  bafe  of  this  earth  entirely 
agrees  with  fome  one  of  thefe  above  mentioned. 
When  this  is  done,  it  may  properly  be  referred 
to  the  derivatives,  but  not  before :  In  the  inte- 
rim, naked  conjedtures  and  fallacious  obferva- 
tions  are  not  by  any  means  to  be  confided  in. 
)t  muft  be  allowed,  that,  to  fyftem  buildersi  ii 
will  appear  more  fimple  to  confider  all  earths  at 
of  the  fame  fpecies,  with  a  very  few  modifies* 
tions ;  but  it  ihould  be  remembered,  that  he 
who  pretends,  a  prUri,  to  judge  of  the  miA 
compound  body  in  nature,  ought  firft  to  be  ac- 
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quaintcd  with  the  whole  ftrudure  and  oecono* 
mj  of  nature. 

Some  perfons^  obferving  that  clay  acquires 
by  fire  a  flinty  hardnefs,  think  that  the  princi- 
ples of  both  are  the  fame  ;  an  opinion  which 
would  be  eftablifhed  beyond  doubt,  if  filiceous 
earth,  diflbived  in  fixed  alkali,  could,  by  means 
of  the  vitriolic  acid,  form  alum,  which  has  been 
attempted  by  certain  moderns  :  But  this  hypo- 
theiis,  when  put  to  the  ted  of  experience,  hHU 
to  the  ground }  for  the  pure  clay  is  all  convert- 
ed into  alum  by  vitriolic  acid,  and  the  filiceous 
caxth  if  not  fo  much  as  diflbived  by  that  men- 
ftniumt  (S  II*  2nd  in.  A.). 

Others,  becaufe  common  flints  are  generally 
found  in  chalky  hills,  imagine,  that  they  origi- 
nate from  chalk,  particularly  depending  upon 
mifunderftood  phaenomena  of  gelatinous  mine- 
rals, lliefe  phaenomena  are  explained  at  large 
in  the  treatife  on  Volcanic  Products.  In  the 
colledion  of  the  Academy,  there  is  found  an 
ecfainites  exa&ly  filled  with  filiceous  earth,  and 
furrounded  with  the  fame  kind  of  fubftance  ^ 
but  the  (bell  itfelf  is  ftill  calcareous,  and  even 
of  a  fpathaceous  form.  Now,  in  this  cafe,  fince 
by  hypothefis  the  calcareous  earth  has  acquired 
a  filiceous  nature,  both  internally  and  external- 
ly, how  could  the  fliell  itfelf  avoid  the  change  ? 
But  the  nature  of  the  fubjed,  whicl^  is  ftill  fo 
inucb  involved  in  darknefs,  from  the  want  of  a 
D  4  fufiicient 
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fiifEcient  number  of  experiments,  that  vrt  can- 
not  certainly  determine  the  origin  of  filiceom 
farthy  forbjds  us  to  d^ell  longer  upon  this  point 

I  vii.  In  what  Form  Siliceous  Earth  occurs  in  the 
Mineral  Kingdom. 

The  filiceous  earth,  fuch  as  it  appears  wfaeif 
precipitated  from  liquor  of  flints,  and  freed  from 
Mi  heterogeneous  matter,  is  Scarcely  ever  fpund, 
at  ieaft  in  the  external  ftrata  of  this  globe,  bai 
is,  like  the  other  primitive  earths,  more  or  left 
iidxed  with  other  fubftances,  and  that  as  well 
mechanically  (as  is  the  cafe  in  commoo  clay) 
as  by  a  more  intimate  connexion,  and,  as  it 
were,  folution  *,  inilances  of  which  occur  in  fee- 
pentinum,  afbeftos,  mica,  fchoerl,  garnet,  aseo* 
lith,  and  thofe  ftones  which  are  called  filiceous. 
So  long  as  the  filiceous  nature  prevails  in  the 
mafs,  they  are  not  improperly  fo  called,  the  dcf 
nomination  being  taken  from  the  prevalent  in- 
gredient :  But  here  we  muft  obferve,  that  the 
nature  of  the  compound  does  not  always  corre- 
ipond  with  the  quantity  of  the  different  ingre* 
dients;  for  the  properties  of  certain  fimple 
earths  are  far  more  remarkable  and  intenfe 
than  thofe  of  others.  Thus  a  mafs,  in  which 
pure  clay  makes  nd  more  than  a  fourth,  nay 
even  fometimes  lefs,  yet  preferves  the  nature 
and  character  of  clay  :  Therefore  it  is  that  we 
^  call 
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call  fuch  mixtures  filiceous  which  (land  the  cri- 
teria mentioned  in  $  ii. ;  and,  although  the  fili- 
ceous nature  is  ipm^times  moi^  obfcure,  on  ac- 
count of  the  quantity  and  quality  of  heteroge- 
lieous  matter,  it  is  of  no  importance,  provided 
the  filiceous  nature  and  properties  prevail. 

To  this  clafs  we  may,  without  referve,  refer 
quartz  and  mountain  cryftal,  flints^  properly  fo 
called,  and  jafpers ;  but  more  ambiguoufly  pe- 
trofilices  and  felt-fpar,  as  alio  zeoliths,  fchoerls, 
and,  laftly,  garnets,  which  are  as  it  were  inter- 
mediate between  thofe  and  the  gems,  which  are 
to  be  entirely  excluded  from  filiceous  earths,  as 
Doi  only  by  their  nature,  buti>y  the  proportion 
of  their  primary  principles,  they  challenge  a 
place  among  the  clays,  as  we  fhall  fee  hereafter. 
|doft  of  the  hft  mentioned  (tones  abound  m 
filiceous  earths,  and  contain,  befides,  portions 
of  calcareous  and  argillaceous  earth,  yet  exhi- 
bit the  filiceous  properties  notwithftauding  ;— 
the  limits  and  defign  of  the  prefent  work  pre- 
vent OS  from  mentioning  the  fpedfic  diffisrencei. 


PISSER. 


DISSERTATION    XIV, 


OF     THE 


HTDROPHJNOm  STONE. 


5 1.  Peculiar  Property  of  the  Hydropbamus  Stont^ 

BENEDICTUS  CERUTUS  rdatei,  that  he 
had  feen  with  the  greateft  aftoniflunent, 
in  the  poflelSon  of  Chr.  Furleger,  an  opake 
ftoae,  which,  upon  lying  in  water,  by  degrees 
acquired  tranfparency,  and  which,  upon  drying 
in  the  light,  became  again  opake  ;  for  this  rea- 
fon,  he  denominates  it  lapis  mutabilii.  Such 
ftones  were  afterwards  very  fcarce,  and  had  the 
empty  name  of  oeulus  mundi  beftowed  upon 
them.  The  reafon  of  the  former  appellation  is 
obvious;  the  latter  is  merely  the  fport  of  a 
warm  imagination.    Dr  Hill  has  very  properly 

called 
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called  fuch  (tones  as  grow  f  ranfparent  in  water 
bjdropbamus. 

Atk  attentive  cbnfideration  of  the  change  pro« 
duced  will  eafily  inftrtt&  us  in  the  nature  of  this 
wonderful  phaenomenon.  The  tranfparency 
may  be  obferred  proceeding  from  the  fur&ce  to 
the  nucleus ;  and,  at  the  lame  time,  air  bubbles 
continually  arife  from  the  furface  of  the  (tone, 
mnd  float  upon  that  of  the  water.  Some  aflert^ 
^at  the  tranfparency  begins  at  the  center^  and 
extends  icfelf  to  the  furface  \  but^  when  that  is 
^  cafe^  it  muft  be  occafioned  by  fome  cradL 
irhich  admits  the  water  at  once  to  the  center. 
AU  the  hydrophani  which  I  am  in  poffeffion  of, 
or  have  ever  ieen,  have,  conformably  to  natural 
ezpedation,  grown  firft  tranfparent  at  the  fur- 
i&ce. 

The  f^iaenomena  of  clouds  ferre  to  ihew,  that 
fnoift  particles,  copiouity  mixed  with  particles 
of  air,  preyem  the  tranfmiffion  of  light,  and 
fender  ib^  mafs  more  or  left  opake,  although 
the  particles  of  each,  feparately  ttken,  are  pel- 
iodd.  The  caufe  of  this  is  to  be  fought  for  in 
fSbit  difference  of  refrading  power;  for,  by 
meant  of  diat,  the  rays  dre  turned  from  their 
original  courfe  at  every  particle,  a  circumftance 
wfaidi  is  very  injurious  to  tranfparency*  A 
common  eiqperiment  will  i^U  more  clearly  eln- 
adate  this  point.  The  moft  tranfparent  ^afs, 
iriien  redoced  to  powder,  becomes  opake,  be- 

caufo 
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^ufe  the  air,  which  now  occupies  the  interfti* 
ces,  refracts  the  light  much  more  weakly  than 
ihe  particles  of  glafs  do ;  but,  upon  pouring  on 
water,  which  difplaces  the  air,  and  diflfers  lefs 
from  the  glafs  in  its  refra&ing  power,  a  certain 
/degree  of  tranfparency  is  reftored.  Setting 
down  the  fpecific  gravity  of  water  i,ooo,  wc 
ihall  find  that  of  air  to  be  0,001  ;  and  that  of 
glafs  varying,  according  to  its  compofition^  from 
.1,791  to  3,380,  which  is  the  greateft :  Hence  it 
appears,  that  the  greateft  diflference  between 
glafs  and  water  is  2,380,  and  the  leaft  is  1,791 ; 
the  greateft  difference  between  glafs  and  ^  is 
3^379,  and  the  leaft  is  1,790.  From  this  cal- 
culation we  may  judge  of  the  diffierent  quanti- 
ties of  refraftion,  and  the  confequent  differences 
©f  tranfparency. 

Let  us  now  fuppofe  a  ftone  which  agrees  near- 
Jy  with  water  in  fpecific  gravity,  or  at  leaft  k 
not  more  diftant  from  it  than  glafs ;  let  us  alfo 
fuppofe  that  its  particles  are  tranfparent,  but 
that  it  is  uniformly  perforated  by  invifible  fora- 
mina, fo  that  both  air  and  water  may  be  admit- 
ted, though  not  readily  ;  we  fhall  then  have  a 
ftone,  which,  when  well  dried,  remains  opake, 
but,  like  the  oculus  mundi,  grows  pellucid  in 
water.  The  fuperior  efied  which  an  alkaline 
lixivium  produces  in  this  cafe,  depends  on  the 
iiip€?riority  of  its  fpecific  gravity. 

Although 
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Although  the  caufes  of  this  phaenomcnon  are 
thus  phyfically  explained,  which  always  renders 
a  phaenomenon  much  lefs  furprifing,  yet  to  this 
eSeCt  three  conditions,  but  rarely  found  united^ 
are  nece&ry ;  fo  that  ftones  of  this  kind  were 
very  fcarce,  and  valued  at  great  and  even  ini- 
menfe  prices.  The  extravagance  of  the  price 
alfo  prevented  the  examination  of  this  fub- 
ftance ;  and  our  ignorance  of  its  nature  con* 
cealed  from  us  the  place  where  it  was  to  be 
found ;  nay,  fo  undecided  were  opinions  con« 
ceming  it,  that  the  moft  acute  examiners  were 
doubtful  whether  it  owed  its  origin  to  the  mine* 
ral  or  to  the  animal  kingdom :  In  the  mean 
time,  the  curious,  both  merchants  and  phUofo* 
phers,  were  bufily  employed  in  fearch  of  it.  The 
accounts  tranfmitted  to  the  Royal  Academy  of 
Sciences,  Stockholm,  were  as  follow : 

In  1770,  the  celebrated  Quift,  who  had  vifit« 
ed  England,  communicated  fome  obfervations 
upon  three  fpecimens  which  he  had  feen  in  the 
Britifli  Mufeum ;  but,  as  he  was  only  permitted 
to  examine  them  fuperficially,  he  could  not  de« 
temune  their  nature. 

At  the  beginning  of  the  year  1774,  Mr 
Poetzfch  of  Leipiic  related  to  the  Academy, 
that,  the  year  before,  a  lapis  mutabilis  had  been 
offered,  at  the  electoral  collection,  for  the  price 
of  1 00  ducats  ;  that  (his  (lone  very  much  re- 
fembled  a  certain  variety  of  the  Eibenftock  opal, 

which. 
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which,  upon  trial,  was  alfo  found  to  grow  tran* 
fparent  in  water :  Hence  he  concludes,  that  the 
l:qpis  mutabilis  is  to  be  ranked  in  the  £unily  of 
the  opals. 

In  1776,  Mr  Murray  communicated  to  the 
Academy  a  difcovery  which  had  been  made  three 
years  before  by  Mr  Veltheim,  fuperintendant  of 
the  mines  in  the  Hartz,  namely,  that  the  grey, 
green,  and  yellow  hydrophanas,  are  no  other 
than  thin  crufts  of  the  chalcedony  of  Ferro. 

In  1777,  Mr  M.  T.  Brunnich,  profeflbr  at 
Copenhagen,  in  a  memoir,  gave  a  confirmation 
of  the  chalcedony  of  Ferro's  being  the  matrix 
of  the  hydrophanous  ftone.  It  is  fufficient  juft 
to  mention  this  ;  the  other  circumftances  may 
be  feen  in  the  Ad.  Stockholnu  an.  1777. 

Haying  now  mentioned  this  quality  to  highly 
prized,  and  (hewn  its  exiftence  in  certain  of  the 
dialcedony  and  opal  tribe,  let  us  confider  thefe 
ftoncs  a  little  more  accurately ;  although  it  can-* 
not  be  denied,  that  the  fame  property  may,  and 
afhially  does,  esift  in  fome  other  fpecies. 

Sii.  The  Opal  and  Chalcedony  con^ared  1ifgetber4> 

The  opal  and  chalcedony  agree  with  one  an» 
other  in  many  propoties. 

(a)  The  common  colour  of  both  is  frequ^it* 
ly  milky ;  but  the  former  is  more  pellucid  than 
die  latter :  Befides,  the  opal,  viewed  with  Kp 

fraaed 
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frafted  and  refleded  rays^  exhibits  different  go- 
lours  ;  but  this  property  is  not  peculiar  to  it  a- 
kme. 

(b)  The  chalcedony  is  of  greater  ipecific  gnt- 
Tity  than  the  opal ;  but,  in  this  refped,  they  do 
not  differ  much.  The  Eibenftock  opal  is  from 
1,958  to  I9075 ;  and  the  chalcedony  of  diflfe- 
reni  countries  from  2,559  to  4,360. 

(c)  Hie  opal  does  not  poflefs  fuffident  hard« 
ne&  to  ftrike  fire  with  fteel ;  the  lame  is  fomei* 
times  true  of  the  chalcedony ;  fo  that,  diffisrisig^ 
only  in  degree,  they  may,  with  refpe£k  to  this 
property,  be  confounded. 

(d)  WiA  regard  to  compofition,  diey  alfo 
agree,  as  I  difcovered  by  the  following  expeti- 
ment :  I  took  100  parts  of  dialcedony  of  Fcr- 
ro,  reduced  to  a  Tery  fine  powder  by  elutria- 
tiofi,  and  formed  it  into  a  little  ball,  with  three 
times  as  miuch  mineral  alkali,  and  a  final]  quaa* 
tity  of  water.  After  mixing  them  well  toge- 
dier,  I  dried  it,  and  expofed  it  cautioufly  to  the 
fire  in  an  iron  veflfel  for  an  hour  and  a  half. 
This  operation  requires  the  fire  to  be  gradually 
raifed^  but  not  beyond  a  certain  degree.  This 
managemeitt  is  fo  difficult,  that,  for  once  it  fiic^ 
ceeds,  Ae  mafs  melts  five  times ;  for  the  more 
alkali  is  ufisd,  the  more  is  the  texture  of  the 
matter  opened,  that  menftrua  may  eztrad  tbe 
ibloble  parts,  but,  at  the  fiimc  time,  the  more 
is  its  tendency  to  fafion  increafed;   but  the 

mals. 
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mafs,  whenfiifedy  muft  neceflfarily  be  loaded 
with  iron,  which  renders  an  accurate  feparation 
of  the  principles  very  troublefome ;  and,  be* 
fides,  a  portion  adheres  to  the  vefTel,  which  is 
not  eafily  got  off.  Thefe  inconveniencies,  there* 
ibre,  muft  be  carefully  avoided  ;  and,  whoever 
diflikes  this  fcrupulous  attention  to  the  manage- 
ment of  the  fire,  muft  diminilh  the  quantity  of 
ialt,  and  reduce  it  to  a  fourth  or  fixth  part  of 
the  chalcedony ;  by  which  means  the  end  may 
be  obtained,  but  more  imperfedly.  The  bati| 
upon  the  application  of  a  proper  degree  of  heat, 
fplits  into  a  powder.  This  powder  I  coUeded 
and  kept  in  marine  acid,  in  a  digefting  heat, 
until  the  refiduum  refifted  the  force  of  the  acid* 
The  infoluble  powder,  which  was  purely,  filice- 
ous,  when  wa(hed  and  dried,  weighed.  84  aflay 
pounds  ;  fo  that  the  undiffolved  part  confifted 
of  16,  which,  precipitated  and  examined,  ap- 
peared to  be  all  argillaceous,  mixed  with  fome 
iron,  but  without  the  fmalleft  appearance  of  any 
thing  calcareous. 

.  It  is  proper  to  obferve,  that  the  fame  chalcie* 
dony,  without  the  previous  preparation  with  al« 
kali,  yielded  to  the  marine  acid  a  portion  of  ar* 
gillaceous  earth,  but  four  times  lefs.  It  diffi^s, 
therefore,  from  the  common  flint,  which,  treat* 
ed  in  this  way,  yields  fcarce  any  clay,  and  is 
found  mixed  with  calcareous  earth,  though  in 
left  proportion  than  the  cryftals  of  quartz. 

I 
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I  treated  the  Eibeaftock  opal  in  the  fame 
Iray,  and  it  gave  the  fame  refult  as  the  chalce* 
dony,  whether  crude  or  prepared  with  alkali. 
The  argillaceous  part  was  indeed  a  few  pounds 
lefs  ;  but  I  do  not  know  that  the  difference  is 
conftanL 

(f)  Frdm  the  above,  it  appears  plainly,  I 
diink,  that  <^1  is  to  be  confidered  as  a  rarer 
and  purer  chalcedony,  and  the  latter  as  a  denfer 
and  coarfer  opal :  That  the  opal  is  of  a  more 
fyongf  texture,  appears  not  only  from  the  fpe«- 
cific  gravity^  but  alfo  from  this,  that  pieces  of 
the  (^nl  often  grow  more  tranfparent  and  more 
weighty  in  water» 

J  III.   Cf  the  Hjdropbanous  Flint. 

We  have  heretofore  confidered  the  opal  and 

chalcedony}  but  thefe,  when  perfed,  do  not 

undergo  the  change  in  water  of  which  we  arc 

treating,  stt  leaft  not  in  fuch  a  degree  as  to  at- 

trad  attention  ;  but  this  property  is  fometimes 

found  in  the  crafts  with  which  they  are  cover* 

ed :  Thefe  we  fliali  therefore  proceed  to  eza* 

mine  more  accurately. 

(a)  It  may,  in  general,  be  faid  of  thofe  fili- 
ceoQs  ftones  which  reieroble  the  common  flint 
in  breaking  equally  and  fmoothly,  that  they  are 
fr^uently  found  furrounded  with  a  covering  of 
mrfer  materials.  I  (hall  mention  what  appear^ 
Vol.  II.  £  probable 
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probable  concerning  the  origin  of  this  cruft. 
Evident  marks  frequently  occur,  which  flicw 
that  thefe  (tones  have  gradually  been  indurated, 
.and  were  originally  a  tenacious  mafs.  Now, 
during  this  operation,  the  coarfer  particles,  or 
thofe  more  imperfectly  diiTclved,  while  the  balk 
gradually  diminiihed,  were  puihed  to  the  fur- 
face  by  the  more  homogeneous  matter,  or  ibiM^ 
times  towards  the  center,  if  any  cavity  be  there 
to  receive  them ;  but,  as  the  mafs  grew  more 
denfe,  the  refiftance  alfo  grew  greater,  and  at 
length  acquired  fo  much  power  as  to  }H:eve&C 
the  protrufion  ;  it  therefore  obliged  the  protrtt*- 
ded  particles  to  fettle  in  flrata  parallel  to  the 
furface ;  and  thefe  (trata  were  at  lead  diftin- 
guifhable  by  colour  and  tranfparency  from  thi 
reft  of  the  mafs.  Inftances  of  this  are  feen  in 
agates  and  chalcedonies.  The  external  layers 
^re  generally  more  coarfe,  and  have  undoubted- 
ly been  protruded  in  the  manner  above  men- 
tioned, while  the  mafs  was  foft.  On  feparating 
.the  layers,  each  internal  is  found  of  a  more  de- 
licate texture  than  the  adjacent  external, 
.  (b)  The  above  mentioned  crufts  muft  necef- 
farily  differ  in  texture,  denfity,  hardnefs,  and 
gravity  :  It  is  therefore  evident,  that  the  three 
conditions  neceifary  to  the  mutability  required, 
pannot  always  be  prefeni  in  thefe.  Experience 
<hews5.,that  the  prefer  pieces,  which  are.gene^ 
f  ally  furrounded  witlbt  thofe  that  are  ufelefe^  cut- 

^.C::-\  not 
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jiot  be  diftinguifhed  by  fight,  by  touch,  or  any 
external  mark«  Thofe  which,  when  applied  to 
the  tongue,  do  not  fhew  any  adhefive  power, 
may  be  rejeded ;  yet  thofe  which  pofTefs  that 
power,  do  not  always  grow  tranfparent  in  wa- 
ter^  although  they  admit  it,  two  other  condi- 
tions being  equally  necefTary.  Adual  immer- 
fion  for  24  hours  will  decide  the  queflion,  as 
thofe  which  require  longer  time  are  not  worthy 
of  attention* 

(c)  Hitherto  we  have  confidered  the  crufls 
of  filiceous  (tones  in  general ;  and,  although  the 
involncra  of  all  the  varieties  may  perhaps  fome- 
times  yield  the  hydrophanous  itone,  yet  experi« 
ence  Ihews,  that  it  is  chiefly  to  be  fought  for  a* 
mong  thofe  of  a  loofe  texture,  fuch  as  opals  and 
chalcedonies. 

(d)  The  crufts  which  grow  tranfparent  in 
water,  on  breaking,  appear  denfe  and  fmooth  ; 
diey  ftick  to  the  tongue,  do  not  (trike  fire  with 
flint,  are  of  a  whitilh  yellow  brown,  nay  fome- 
times  blackifh  colour  :  Their  tranfparency  va- 
nes according  to  circumftances }  their  fpecific 
gravity  fcarcely  double  that  of  water, 

(c)  As  thefe  ftones  are  deftitute  of  the  hard- 
at6  neceflary  to  ftrike  fire  with  fteel,  (a  pro« 
petty  which  is  confidered  as  the  criterion  of  fi- 
liceous ftones),  fome  doubt  may  arife  concern- 
ing the  filiceous  nature  of  the  hydrophanous 
cniili.  I  thought  analyfis  the  moft  proper 
£  2  means 
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means  of  folving  this  difficulty  ;  and,  upon  ci- 
periment,  found  the  fame  principles  as  before, 
(§  II.  E.)j  which  puts  an  end  to  all  ambiguity. 
But  it  appears  plainly,  that  the  greater  or  leffcr 
degree  of  connexion  between  the  integrant  parts 
affords  a  very  infufficient  and  fallacious  mark  of 
difcrimination ;   and,   accordingly,   we   find  2 
great  variety  in  this  refpeft,  even  in  the  fame 
tribe.     We  have  already  fpoken  of  opals  and 
chalcedonies,  (§11.  c.)  ;  the  fame  is  true  of  cor- 
nelians, gems,  (a)  &c.     We  have  alfa,  in  clay, 
a  very  remarkable  inftance  of  the  effeft  of  diffe- 
rent degrees  of  exficcation ;  for  this  fubftance, 
although,  when  crude,  it  attrafts  water  ftrong- 
ly,  and  is  foftened  and  penetrated  by  it,  yet,  by 
a  certain  degree  of  heat,  it  is  fo  condenfed  as  to 
rejeft  water ;  and  at  length,  by  a  very  intenfe 
heat,  it  acquires  a  perfefl:  flinty  hardneft.    In 
this  inftance,  the  very  fame  matter  exhibits  vefy 
different  degrees  of  cohefion  among  the  parti- 
cles ;   and  it  is  elfewhcre  demonftrated,  that, 
even  when  hardened  to  the  greatefl  degree,  it 
vet  retains  an  argillaceous  nature :   Wc  may 
therefore  juftly  conclude,   that  the  degree  of 
hardnefs  is  not  to  be  confided  in. 

(f)  The  value  of  the  hydrophanous  ftone  is 
cdimated  by  its  bulk,  the  quicknefs  of  the 
change,  and  the  elegance  of  its  colour.  Of  two 
equally  penetrable,  the  larger  mull  neceflarily 

grow 

{.:)  Vide  dc  Tcira  Gcmitiaruin. 
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grow  tranfparent  more  flowly ;  but  the  effefk 
may  be  fomewhat  increafed  by  diminifliing  the 
thick]>efs  or  perpendicular  altitude,  the  length 
and  breadth  remaining  the  fame.  By  this  me- ' 
thod,  many  of  them  may  be  brought  to  grow 
tranfparent  in  a  few  feconds ;  and  no  doubt  the 
wonder  is  much  diminiflied,  if  the  change  does 
not  take  place  under  the  eyes  of  the  obferver  : 
Befides,  if  feverai  hours  be  requifite,  neither  can 
the  procefs  be  properly  examined ;  nor  are  the 
abr-bubbles  expelled  by  the  water  fufficiently 
yifible. 

The  colour  is  derived  from  iron ;  Now,  as 
that  fubftance  often  diflfers  both  in  quantity  and 
quality,  a  confiderable  diflference  rauft  arifcj 
which  generally  varies  between  a  yellow  and  a 
brown. 

(o)  That  the  opal  gives  admittance  tp  water, 
we  have  already  obferved ;  but  (he  change  is 
not  very  remarkable,  becaufe  it  is  of  itfelf  femi- 
tranfparent;  but  if  naturally,  by  fpontaneous 
calcination,  or  artificially,  by  a  gentle  heat,  it 
contrails  an  opacity,  we  immediately  get  the 
bydrophanpus  flone.  To  make  the  opal  opaque 
when  dry,  by  means  of  fire,  requires  much  cau- 
don  J  for,  if  too  much  heat  be  applied,  efpeci- 
ally  fuddenly,  it  flies  into  fmall  pieces. 

(h)  The  change  is  accelerated  by  ufing  the 

water  hot,  as  it  penetrates  the  foramina  more 

readily ;  and  the  foramina  themfelves  are  more 

E  3  opeuj 
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open,  on  accouTit  of  the  heat ;  but,  whether  it 
be  hot  or  o^ld,  the  very  pureft  water  fhould  al- 
ways be  ufed,  otherwife  the  (lone  will  gradually 
be  obfcured  ;  for  any  water,  though  clear  at 
cryftal,  leaves,  upon  evaporation  to  dryncfs,  an 
earthy  refiduum.  When  the  water,  then,  which 
has  been  admitted,  is  gradually  diffipated  by 
evaporation,  fomewhat  always  remains  behind : 
This,  on  account  of  its  tenuity,  for  a  long  time 
does  not  injure  the  tranfparency  ;  but,  if  the  o* 
peration  be  frequently  repeated,  it  may  at  length 
become  vifible ;  but  this  may  be  eafily  removed 
by  acids,  if,  as  is  ufually  the  cafe,  it  is  of  a  cal- 
careous nature.  1  am  not  ignorant,  that,  in  this 
operation,  the  colouring  particles  of  tinged  li- 
quors are  excluded,  though  the  vehicles  pene- 
trate the  (lone  ;  but  it  is  equally  true,  that  al- 
kaline lixivia  penetrate,  and,  of  confequence^ 
calcareous  and  other  folutions  will  alfo  pene- 
trate. 

By  concentrated  vitriolic  acid,  alfo,  the  (lone 
acquires  tranfparency ;  but  fometimes  the  co« 
lour  is  darkened  by  the  acid  remaining  in  the 
pores,  and  growing  blackifh  -,  but  this  may  be 
removed  by  an  alkali.  But  the  nitrous  acid, 
highly  dephlegmated,  rather  dephlogifticates 
than  diflblves  the  iron  of  the  ftone,  and  occa- 
fionally  produces  various  hues  of  yellow  ;  but, 
as  acid  menftrua  are  able  to  take  up  a  little  of 
the  argillaceous  earth  as  v^rell  as  the  iron,  (§  ii. 
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E*),  there  is  no  doubt  but,  if  frequently  ufed, 
they  vili  gradually  change  the  texture  of  the 
ftone.  The  water  enters  at  the  firft  trial  more 
fiowly  than  afterwards  :  It  may  therefore  hzp^ 
pen,  that  a  (lone,  which  at  firil  fcarcely  admits 
water,  may,  by  lying  a  proper  time  in  acids, 
have  its  foramina  opened  and  dilated  fo  as  to 
admit  it  freely. 

That  the  ftone,  when  tranfparent,  is  more 
poaderous  than  when  opaque,  experience  ihews, 
and  the  fluid  imbibed  will  eafily  expbin  the 
catife. 

(i)  We  muft  not  omit  mentioning,  that, 
when  the  hydrophanous  ftone,  rendered  tranf- 
psrott,  is  expofed  to  the  rays  of  the  fun,  or  to 
Bn  imenle  light,  it  frequently  fliews  a  fpark  or 
fyotj  ihining  with  peculiar  luftre,  wiiich  changes 
to  diflSerent  parts  of  the  furface,  according  to  the 
fitnation  of  the  light.  This  property,  which  be- 
longs  to  opals  peculiarly,  but  not  exclufively,  is 
not  difficult  of  explanation,  as  the  hydrophanous 
ftone  is  of  the  nature  of  opals ;  but  is  thus  far 
imperfed,  that,  when  dry,  it  is  opaque ;  when 
wet,  however,  it  grows  tranfparent,  and  then 
acquires  completely  the  properties  of  the  opal. 
TTic  property  is  of  this  nature.  Let  l  m  n  o, 
tab.  2.  leprefent  the  feftion  of  an  opal,  of  a  len- 
ticular or  eliipfbid  form ;  let  the  parallel  rays 
of  light  1  m  Iro,  &c.  fall  upon  it,  and  a  light 
will  appear  in  the  oppofite  quadrant  above  m  ; 

E  4  in 
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in  proportion  as  the  incident  rays  are  more  Ot 
blique,  the  fhining  fpot  is  more  narrow  and 
more  brilliant ;  but  the  higher  the  luminooi 
body  rifes,  the  larger  and  weaker  is  the  fhining 
fpot.  Let  a  light  fall,  by  means  of  candles,  on 
both  right  and  left  quadrant,  and  two  oppofite 
ihining  fpots  will  appear,  but  weaker  than 
the  fingle.  In  open  air,  in  the  day-light,  tb« 
half  L  M  N  appears  almod  entirely  overfpread 
with  a  refraAed  light,  but  indefinite,  tiot  exhi- 
biting any  figure ;  yet,  when  light  is  admitted 
into  a  chamber  through  a  hole  in  the  window* 
fliutter,  the  fhining  fpot  reprefents  the  figure  of 
the  hole :  It  alfo  reprefents  the  figure  of  the 
flame,  and  that  in  an  ere<fl  fituation,  if  1  repre- 
fents a  lighted  candle,  or  the  fun  itfelf ;  there- 
fore the  adjacent  rays,  coming  from  the  fame 
points,  are  refradted  within  the  (lone,  and  form 
the  figures  of  thefe  points.  When  the  incident 
rays  are  nearly  parallel  to  the  plane  n  q^  two  or 
more  curves  of  that  kind,  called  cau^ic  by  rr- 
fra^ion,  diverge  from  m  tp  the  internal  parts : 
Thofe  which  arife  from  refraftion  froni  the  op« 
pofite  convex  part  o  l,  are  feen  within  the 
ftone,  but  thofe  which  are  generated  by  refrac- 
tion  in  the  concave  part  l  m  n,  are  extended 
beyond  the  flone,  in  the  plane  n  q^  In  order 
to  obferve  thefe  pbaenomena  diflindly,  let  the 
lighted  candle  1  be  placed  at  a  foot  diflance 
from  the  perpendicular  r  p,  paffing  through  the 

eye 
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eye  at  r^  -placed  about  half  a  foot  higher  than 
the  flame ;  then  let  an  ellipfoid  opal  be  held 
open  the  finger,  or  a  card,  at  the  diftance  of  an 
inch  from  the  flame,  and  the  cauftic  cnrres  will 
a|^>ear :  If  the  ftone  finks  ever  fo  little  in  the 
line  N  8,  parallel  to  n  p,  a  refulgent  point  will 
appear  within  the  mafs  at  h,  of  the  colour  of 
dbe  ray  which  pafles  through  it : .  But  at  o,  or 
the  fntface,  a  white  fpot  appears ;  when  it  de« 
fcends  a  little  lower,  in  the  fame  right  line,  the 
points  change  into  flaming  figures;  at  o,  a 
white  and  lefler  one  arifing  from  reflexion ;  at 
II,  one  coloured,  and  larger,  which  ariles  from 
refradion :  Thefe  two,  upon  the  further  fink- 
ing of  the  ftone,  rife  and  meet  together  at  jl. 
By  nfe  we  may  eafily  learn  to  produce  any  of 
thefe  varieties,  unlels  the  figure  of  the  ftone  be 
improper,  as  upon  this  depends  both  the  number 
and  the  differences  of  the  curves.  The  colour 
of  the  figures  which  arife  from  refra&ion,  muft 
neceflarily  be  the  lame  with  that  which  the  ftone 
tranfmits ;  for  it  is  known,  that  opals  feen  with 
refleded  and  refra&ed  light,  exhibit  different 
colours*  The  mountain  cryftals,  and  other  co- 
lourleis  pellucid  ftones,  however  fuitable  their 
form,  do  not  exhibit  thefe  phaenomena  diftind- 
ly.  Certain  vague  colleiaions  of  light  may  be 
feen,  but  a  peculiar  colour  is  neceffary  to  di- 
ftingujih  th^  form  of  fuch  appearances.    This 

colour 
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colour  is  here  wanting^  as  all  fpedes  of  rays  ad^ 
tranfmitted. 

The  nature  of  our  fubjed  forbids  the  intnv 
du&bn  of  any  thing  more  geometrical,  aa  what 
has  been  (aid  is  fuffident  to  explain  the  true  na« 
ture  and  origin  of  thefe  luminous  points.  We 
ihall  only  add,  that  the  ftars  which  appear  on 
the  furfaces  of  fpherical  pellucid  ftones  by  a 
particular  fituation  widi  refped  to  the  light,  are 
generally  nothing  more  than  a  number  of  thefe 
cauftic  curves  proceeding  from  the  iame  point, 
To  this  perhaps  may  be  referred  the  afteriae  of 
the  ancients. 

(k)  The  cruit  of  that  ftone  which  Bom  calU 
the  fpatbum  piceum^  according  to  his  obferva- 
tions,  fometimes  grows  tranfparent  in  water, 
and  is  akin  to  the  opals  in  its  loofe  texture,  ki 
not  ftriking  fire  with  fteel,  in  breaking  fmoodi, 
and  other  external  marks.  Upon  analyfis,  I 
found  it  for  the  moft  part  a  pure  filiceous  earth, 
with  a  little  clay,  and  an  exceeding  finall  por*. 
tion  of  lime. 

§  IV.     Of  ibe  Hydrophanous  Steatite. 

Although  this  mutability  is  chiefly  found  in 
the  filiceous  ftones  of  a  loofer  texture,  it  muft 
not  be  confidered  as  peculiar  to  them  alone. 
The  conditions  neceflfary  for  this  purpofe  may 

alfo 
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alfo  be  found  in  the  other  tribes,  as  we  fhall 
here  prove  by  an  example. 

The  fteatites  vary  much,  both  in  colour  and 
Jubtlety  of  parts,  as  is  well  known.  In  this  fpe- 
des  alfo,  there  fometimes  occurs  a  ilrudure  of 
fuch  a  kind  as  to  admit  water  ;  and,  as  more 
than  half  the  weight  coniifts  of  filiceous  parti- 
cles, frequently  pellucid,  it  may  be  eafily  un- 
derftood  how  this  may  be  rendered  more  tranf* 
parent :  But  the  hydrophanous  fteatites,  being 
kmded  with  magnefia,  feldom  attains  the  fame 
d^;ree  of  tranfparency  as  thofe  which  confift 
entirely  of  filiceous  earth,  which  are  alfo  more 
hard,  though  they  yield  in  beauty  and  variety 
of  colour  to  the  others.  Dr  Bruckman  mea- 
tioDt  red,  white,  grey,  and  green  fteatites,  po£- 
ielScd  of  this  property  :  Thefe  he  direds  to  be 
prepared  firft  by  boiling  in  an  alkaline  lixivi- 
um, and  then  in  vinegar. 

Experiments,  if  fufficiently  multiplied,  will 
doubtlels  difcover  hydrophanous  ftones  in  other 
fpecies. 


D I S  S  E  R. 


DISSERTATION   XV. 


OF     THE 


EARTH  OF   G  E  MS. 


$  u  Various  Opinions  concerning  the  Earth  of  Gems^ 

FROM  the  mod  remote  ages,  the  tranfpa- 
rency,  the  fplendour,  the  colour,  and  hard- 
nefs  of  gems,  have  attracted  the  attention  of 
mankind ;  fo  that,  not  only  in  the  time  of  The- 
ophraftus  the  Erefian,  they  were  dignified  by  the 
name  of  precious  flones,  but  in  our  days,  this 
produft  of  the  mineral  kingdom  is  very  dear, 
and  not  to  be  had  but  at  an  enormous  price : 
But,  although  it  is  very  reafonable  to  admire^ 
with  Pliny,  the  perfedion  of  their  nature ;  yet, 
to  the  bulk  of  mankind,  more  folicitous  about 
external  glitter  than  internal  perfection,  they 
have  rather  fuggefted  the  idea  of  making  tbem 
fubfervient  to  vanity  and  luxury,  than  that  of 

examiniog 
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taomining  their  real  perfefiions.  Their  fcard- 
tj  and  extreme  deamefs  for  a  very  long  time, 
prevented  them  from  being  accurately  exami- 
ned ;  from  whence  it  often  happened,  that  the 
wealthy  paid  dear  for  their  ignorance,  purcha- 
fing  the'fpurious  or  artificial  gems  as  genuine* 

In  the  mean  time,  mineralogifts  included 
diem  in  their  fyftems }  but,  as  they  trufled  f oo 
much  partly  to  external  appearances,  partly  to 
other  fallacious  marks,  it  was  impoffible  but 
they  muft  dilagree  about  the  arrangement ;  and 
certainly,  fo  long  as  their  analyfis  was  not  un- 
derftood,  no  man  could  (unlefs  accidentally) 
affign  their  true  places,  as  long  as  it  was  un- 
known whether  their  earthy  bafe  was  fimple 
and  primitive,  or  compound  and  derivative. 
Such  as  rank  the  gems  among  faline  bodies, 
regard  chiefly  their  figure ;  but  thefe  men  do 
not  confider,  that  determinate  forms  by  no 
means  depend  upon  (kline  nature,  (although 
fubftances  which  are  foluble  in  water,  are  in  a 
particular  manner  difpofed  to  cryftallization), 
inafmuch  as  metallic,  inflammable,  and  earthy 
bodies,  afford  cryftals,  and  thofe  not  unfre- 
(piently  of  a  very  beautiful  kind  ;  and,  in  ge- 
neral, the  property  of  cryftallizing  feems  to  be- 
long to  every  folid  body,  provided  its  particles 
be  So  fubtilely  divided  and  fufpended,  (either  in 
the  dry  or  the  humid  way),  that,  while  they  are 
again  concreting,  they  may  be  at  liberty  to  obey 

their 
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their  mutual  attradion,  and  aflume  a  fymmetri* 
cal  fituation.  In  falts  themfelves,  the  fpedes  of 
figure  depends  not  upon  the  ackl,  nor  yet  upon 
the  bale  which  is  united  to  it.  The  vegetable, 
as  well  as  the  mineral  alkali,  with  marine  add, 
aflumes  a  cubic  figure;  but  the  fame  acid,  with 
volatile  alkali^  terra  ponderofa,  mercury,  bif- 
muth,  cobalt,  and  other  fubftances,  afiimits 
forms  of  a  very  differem  kind.  If,  therefore, 
in  this  cafe,  the  acid  has  no  effed,  how  will  it 
acl  when  it  cannot  be  diiUnguiihed  by  any  ez« 
periment,  but  its  prefence  is  inferred  by  bare 
conjedure  i  The  fame  may  be  faid  of  the  bafe ; 
for  each  alkali,  with  different  acids,  yields  dif- 
fimilar  cryftals.  Alum  and  falited  cobalt,  when 
properly  cryftallized,  yield  odaedra,  a  figure 
which  neither  correfponds  with  the  menftruuin 
nor  the  bafe ;  and  what  are  we  to  think  of  the 
pyrites,  which  occalionally  exhibit  every  one  of 
the  regular  geometrical  figures  ?  But  we  hate 
no  need  of  multiplying  examples,  if  that  be 
known,  which  I  think  has  been  already  fuffi- 
ciently  demonftrated,  namely,  that  from  a  few 
primitive  forms  of  the  fame  fubftance,  a  great 
many  derivatives,  and  thofe  very  diflimilar,  may 
arife.  Thefe  things  being  confidered,  I  do  not 
fee  with  what '  propriety  the  diamond  and  the 
ruby  are  aflbciated  with  alum,  of  which  they  do 
not  ihew  the  flighted  veftige  -,  but  if,  after  all» 
we  are  rather  to  truft  to  occult  principles,  otM. 

thi* 
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thit  foundattioa  we  may  v^ke  alum  of  falited 
tobAlt,  and  the  other  o&siedtz\  falts.  On  this 
Iifpodiefis,  too,  the  cubic  diamond  would  be 
cmHUcrated  abng  widi  fea  tilt ;  and  tluc  whkh 
ii  im  hezagoeai  prifm,  terminated  at  each  em} 
by  dirce  riiombi,  among  the  ichoerk. 

Thofe  w1k>  rank  dbe  gems  among  vitreftible 
AMtes»  befides  various  negative  crko-ia  of  lefler 
moment,  maintain  that  they  have  a  gbfly  ap- 
pearancf^  and  that,  in  fufion  with  fixed  alkali, 
they  run  into  a  pellucid  glais ;  the  fcMiner  of 
tbefe  cnxumftaaces  is  very  fallacious,  the  latter 
indeed  refers  to  a  quality  more  eflentiaL  But 
me  Bail  fee  hereafter,  what  experiments  fhew 
wm  iUs  bead.  Hardnels  is,  in  general,  but  a 
irery.  vague  mark,  as  it  often  dq)ends  entirely 
■pon  the  degree  of  exficcation,  the  fubftance 
tdH  remaining  the  £une,  as  ai^>ears  fufficiently 
ia  tak  day,  when  well  burned.  What  fome 
mil  vitrefcent  earths,  others  denominate  filice- 
ens ;  but  names  change  not  the  nature  of  things, 
diofe  being  the  belt  which  are  adapted  to  it. 

In  drawing  up  a  fyftem  of  mineralogy,  if  the 
figare,  texture,  hardnefs,  colour,  tranfpareocy, 
Qagnitttde,  and  other  external  appearances, 
^^ere  every  where  and  always  fufficient  to  diftin- 
Suifli  mineral  bodies,  this  would  perhaps  (to 
'>^pnners)  be  the  mod  eafy  method ;  but  it 
Hll  would  not  be  the  bed,  as  thefe  properties 
tf  bpdi^,  which  are  applicable  to  hiunan  pur- 

pofes. 
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pofeSy  are  derived  from  the  nature  of  the  confti- 
tuent  parts,  and  but  rarely  from  the  ezteraai 
appearance.  No  one  i8  ignorant  how  fallacious 
fuperficial  chara£kers  are,  at  lead  no  one  who 
has  the  lead  idea  of  modern  mineralogy.  But 
fuch  is  the  condition  of  man,  that,  when  he  ia 
led  by  the  hope  of  fuccefs  to  attempt  impoifibi* 
lities,  a  long  time  paffes  before  he  returns  t0 
wifdom. 

Among  the  mod:  modern  fyftems  of  mineral 
logy,  the  moft  perfed  by  hr  is  that  of  the  illu* 
ftrious  Cronftedt,  a  fyftem  which  he  propofed 
with  fo  much  modefty  as  to  conceal  his  name; 
In  this  all  the  fubfiances  are  arranged  according 
to  their  principles  :  If  he  fometimes  confiden 
thdfe  a^  (imple,  which,  in  reality,  are  compoundi 
it  is  not  to  be  laid  to  his  charge,  as  thefe  errors 
proceeded  not  from  a  defed  in  his  plan,  but 
from  the  want  of  a  fufficient  number  of  experU 
ments :  If  he  has  not  every  where  found  out  the 
right  path,  he  always  feeks  it  with  candour,  and 
defcribes  it  with  precifion.  Treading  in  his 
fteps,  I  have  for  many  years  laboured  in  the  a- 
nalyfis  of  the  mineral  kingdom,  in  queft  of  the 
foundations  for  a  fyftem  of  natural  hiftory^ 
more  exprefsly  adapted  to  the  improvement  of 
natural  philofdpby,  and  the  advancement  of  pu- 
blic and  private  utility. 

In  various  little  eifays  I  have,  in  a  axitorf 
manner,  mentioned  the  concluiions  drawn  froi* 
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iry  erpcriirieiiti  :  la  iLii  pl^ce,  I  asi  efpccirtlly 
ic'trsii:  cf  ris:^  in  wLi-Ji  clafi  ih eft:  en- ft  ills 
oiiIt  art:  rsaerallv  raiiktd.  which  vtiv  miicL  cz- 


I  z.  HzhiuJi:  :f  the  Ge^.:  frsrriir.rd  by  the  BIv^m* 
Pips. 

Txit  tube  -whicb  f  oidfmiihs  i:fc  kt  foidcring, 
and  vhii  is  emplCTcd  by  a  fsT.-  other  anificcxii, 
is  wdi  hdfcpied  i\iz  experiiiients  in  mineriiiogy  : 
hb  ufefiilnei^  and  convenitmce  recoii::i:.end  it 
mudu  &s  I  Live  ^t  krge  rDtrcuontd  in  z  ircatifc 
anthat  2LrLrjz;e:it.  ILli  is  of  ihc  greaielt  ut 
in  &c  g7:r.rr.:r>::ugp  ci  gems,  as  tiic  ftnaUefi 
piecBi  TfaaT  Ccn  Le  taken  rp  bj  a  forcepi  f viiidi 
i&du»  caft  kie  f-iEciently  txptnJaTtj  vill  iervc 

i  ii  ikcccflr)-,  i.:  :ht  tstt  Erft.  f:.  difixnguifi: 
the  diaT7i:r.3  fr:ni  ie  rt':.  t:  i:  r.  isuzdi  iaxik: 
t^Ti  ihsni-   L-i  kl^:  ci5^t75  11.  cniicr  raxticium. 

Powacrti  i^n.:-!.  ^nyj^  i:;di£:£aiB£  ta. 
2  piece  of  cLir:::^.  j1»ii.  i:dwl  'vriuK,  cc 
iorccrr  xi:id£rr:«c:  z  ^irTSlt  rhangg,  a:  r  x 
dfffirnfa  ID  k«:e:  .:::  ii>t  5i3&s  ftiiir»^nil|  nr  ^ 
locg  a  tziDts  21  i\  z^'ji-^xrx  tL»  scibke  ii  mv  t> 
pour ;  viiiis.  vi  iiit  iams  time,  frr  I  xol-:  i 
cosztinaance,  r  i:  isrrs:  pafiiilk  n  aroii  Iim^ 
fmall  ixkequaiixT  iLUie  iiiiivixig.  -wsls^x  ^il  i::^- 
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ter  it  about.    In  this  refped,  other  gems  entir^ 
ly  agree  with  the  diamond. 

In  order  to  obtain  folutions  of  minerals  bj 
the  via  ftcca^  I  employ  chiefly  three  different 
kind  of  falts,  namely,  an  acid,  an  alkaline,  and 
a  neutral.  I  am  not  acquainted  with  any  acid 
which  can  endure  the  fire  upon  charcoal,  except 
that  of  the  microcofmic  fait.  This  fait  is  neu- 
tral,  but  triple,  containing  both  the  volatile  and 
mineral  alkali.  The  phofphoric  acid,  faturated 
with  volatile  alkali,  cannot  be  brought  to  crys- 
tallize; which  yet  always  happens,  upon  theac- 
ceflion  of  a  proper  quantity  of  mineral  alkali, 
and  the  triple  fait  which  refults  from  hence,^  ii 
commonly  called  microcofmic  fait.  Uponfii- 
fion  on  the  charcoal,  this  fends  forth  its  volatiie 
alkali ;  fo  that  the  portion  of  acid  which  had 
been  before  faturated  with  it,  being  now  fet  at 
liberty,  is  the  better  able  to  exert  its  effeds  up* 
on  other  bodies.  I  make  choice  of  the  mineral 
alkali  well  depurated ;  the  vegetable,  on  account 
of  its  deliquefcence,  is  lefs  proper.  Of  late,  I 
make  ufe  of  borax,  as  being  a  fait  nearly  neu^ 
tral,  both  the  principles  of  which  are  fixed  ia 
the  fire,  and  are  much  difpofed  to  vitrification. 

I  have  tried  the  effeds  of  thefe  falts  upon  tbt 
gems.  The  microcofmic  fait  attacks  them  wftk 
difficulty,  yet  diffolves  them ;  and,  with  refped 
to  this  falty  there  is  a  remarkable  difference  k- 
tween  the  diamond  and  all  the  other  gems;  be 
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ft  finall  piece,  or  a  vexy  fubtile  powder  of  it,  iiri- 
merfed  in  a  globule  of  this  fait  in  fufion,  during 
the  fufion  immediately  floats  upon  the  furface, 
at  firft  fending  forth  flowly  a  few  bubbles, 
which,  upon  continuing  the  operation,  entirely 
ceafe.  If  the  apex  of  the  flame  be  kept  con- 
ftantly  on  the  powder,  it  is  gradually  diminifli* 
ed^  but  is  partly  confumed  by  the  fire,  partly 
diffipated  by  the  blaft,  and  the  refidiium,  which 
is  very  fmall,  perhaps  diflblved.  The  particles 
of  the  other  gtais  enter  into,  and  remain  in  the 
fafied  fait  without  effervefcence:  They  wheel  cir- 
cularly about  with  great  velocity,  and  are  by  de- 
grees taken  up,  yielding  water-coloured  globules^ 
oolels  when  they  are  coloured,  which,  on  vitri« 
fyiog,  they  fometimes  are,  efpecially  when  hot: 
Thefe  gems,  therefore^  are  fixed  to  the  falts  by 
a  more  powerful  attraction  than  the  diamond, 
which,  on  the  contrary;  fliews  a  fort  of  repulfion. 

The  nuneral  alkali,  fufed  in  a  filver  fpoon^ 
[charcoal  abforbs  it]  takes  up  the  fmalleft  par* 
tictes  of  gems,  and,  notwithftanding  a  long  con- 
tinued flame,  fcarcely  diminiflies  them  ;  yet  tha 
emerald  is  refolved  into  a  powder,  but  a  refrac« 
tory  one.  The  diamond  feems  to  elude  its  fottd 
altogether,  as  will  appear  from  what  follows. ' 

Borax  difiblves  them  almofi  in  the,£une  man^ 

ner  as  microcofinic  fait,  but  fomewhat  mor6 

quickly,  and  without  any  eflFervefcence ;  but  the 

diamond,  is  more  weakly  attacked  >  fo  that^  af« 

Fa  ter 
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ter  a  long-continued  fufion,  the  globule  adheres 
to  the  charcoal ;  and  the  powder  lying  on  the 
furface  is  in  the  mean  time  dlfSpated. 

The  powdered  diamond,  before  it  is  exaim« 
ned,  mufl  be  depurated  by  aqua  regia  ;  for  all 
that  which  is  for  fale,  abounds  with  heterogene- 
ous matters,  as  we  fhall  fee  hereafter,  (§  in*  b.). 
As  the  diamond  exceeds  all  the  reft  in  hardne&i 
as  it  is  by  fire  difTipated  into  fmoke,  and  in  aD 
Its  habits  differs  from  the  reft,  which  in  general 
agree  with  one  another ;  thefe  (hall  in  the  future 
be  fpecifically  comprehended  under  the  nzmtoi 
gems.  , 

The  habits  above  defcribed,  efpecxally  thofe 
with  the  mineral  alkali,  diftinguifti  the  gemi 
very  completely  from  the  mountain  cryftalii 
which  are  not  only  taken  up  by  alkali^  but  aBb 
with  a  vehement  ebullition  or  e^erveCceoce: 
Thofe  artiticlsdly  made,  which  confift  of  an  hy* 
aline,  or  coloured  glafs,  immediately  betray 
themfelves,  by'fufmg  without  any  addition* 

Hence  it  appears,  that  the  diamond  and  die 
gems  form  genera  as  much  diftindl:  as  quaitSi 
garnet,  fchoerl,  and  many  ftones ;  yet  it  v^ 
inains  to  be  examined,  whether  the  earthy  Infe 
of  each  be  primitive  or  derivative ;  and^  if  the 
latter  be  the  cafe,  what  fimple  elemeota^  and  in 
what  proportion,  conftitute  it  ?  Thefe  queftioii 
cannot  be  anfwered  but  by  the  via  hwmAh  ^ 
which  we^ihall  therefore  have  recourft. 
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* 

Sm.    Cavtions  to  be  ob/erved^  and  Difficulties 
occurring  in  the  Analyfis  of  Gems. 

In  this  examination  many  obftacles  occur, 
tht  chief  of  which  we  (hall  confider  feparately. 

(a)  The  dearnefs.  of  the  matter  not  only  per- 
fnades,  but  obliges  us  to  ufe  fmall  quantities ; 
and,  in  the  operation,  we  muft  be  very  cautious 
to  avoid  the  lofs  or  addition  of  any  thing,  as,  in 
an  experiment  on  fo  fmall  a  quantity,  the  leaft 
difference  is  of  great  confequence,  though,  in  a 
^S^  quantity,  it  might  be  almoft  entirely  ne- 
gleded. 

(b)  Pulverizing  the  gems  is  attended  with 
many  inconveniencies :   They  are  poffeffed  of 
fuch  a  degree  of  hardnefs,  that  they  are  in  this 
refped  fuperior  to  all  other  bodies.     When  im- 
meried,  red  hot,   in  cold  water,  they  become 
fcarcely  more  friable,  though  by  this  method 
the  moft  folid  mountain  cryftals  arc  very  eafily 
comminuted.     Struck  by  the  hammer  on  an  an- 
vil, the  grains  of  mountain  cryflal  fplit  in  gene- 
ral, but  the  fragments  often  fly  about ;  and,  as 
to  the  diamond,  it  frequently  penetrates  both  the 
anvil  and  the  hanuner.     The  diamond»powder 
which  is  for  lale,  contains  heterogeneous  mat- 
ters.    From  that  which  I  got  from  the  Baron 
Ahlromer,   and  which  had  been  latdy  brought 
from  Antwerp,  aqua  regia  extraded  0,12,  with- 

F  3  out 
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out  the  aiTiftance  of  heat.     The  menftruum, 
thus  loaded,  was  yellow.     Fixed  alkali  threw 
down  a  whitifh  powder,  which,  expofed  alone 
to  the  blow-pipe,  melted  into  an  opake  globaie^ 
of  a  metallic  appearance.    This  eflFervefced  with 
lime,  with  borax,  and  microcofmic  fait ;  bi^ 
the  globule,  with  microcofmic  fait,  when  loaded 
with  a  certain  quantity,  grew  red  on  coolii^, 
paffing  in  a  fingle  inftant  from  the  moft  fplendiS 
reddifh  tranfparency  to  opacity.    There  is  no 
doubt  but  that  this  foreign  mixture  is  owing  to 
the  inftruments  made  ufe  of ;  for  which  reafoa, 
the  powdered  diamond  is  fold  at  a  fmaller  price 
than  pieces  of  diamond  fo  fmall  that  they  are  of 
no  ufe  but  for  pulverisation. 

The  other  gems  are  much  more  eafily  com* 
minuted,  and  at  length  may  be  united  with  wa- 
ter. While  the  pure  water  is  milky,  it  is  to  be 
carefully  decanted,  and  frefh  poured  on  repeat* 
edly,  until  by  degrees  the  whole  mafs  has  ac- 
quired fuch  a  degree  of  fubtilty,  that  it  can  re- 
main fufpended,  though  remaining  at  reft  ibr 
fome  minutes.  The  moft  extenfive  furface  poi^ 
fible  is  neceflary,  that  the  menftrua  may  be  able 
to  loofen  the  clofe  connection  of  the  primitive 
principles ;  but,  as  the  agate  is  much  inferbr, 
in  hardnefs,  to  the  gems,  fomething  of  the  fill- 
ceous  earth  muit  neceflarily  be  abraded,  evea 
by  the  mod  gentle  triture,  which  is  mixed,  an^ 
although  )uiown  as  to  its  nature,  nearly  oo- 

knowii 
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known  as  to  quantity,  imlefs  by  weighing  the 
veflel  exadly  before  and  after,  efpecialiy  if  it  be 
convenient  to  make  experiments  upon  ImaU 
quantities  only. 

(c)  It  is  not  a  link  difficult  to  procure  fuch 
▼eflels  as  are  fit  for  thefe  experiments  in  the  dry 
way.  The  common  crucibles  have  rough  fur- 
bees  filled  with  little  holes,  which  hide  a  quan«- 
City  of  the  matter  very  confiderable,  where  ex- 
perim^ts  are  made  upon  minute  portions ;  and, 
what  is  ftill  worfe,  they  confift  of  argillaceous 
sod-filiceous  earth  mixed,  which  muft  render 
our  conclufion  fallacious  and  uncertain,  efpeci- 
aliy when  fixed  alkali  is  ufed.  In  order  to  diff 
cover  the  effeft  produced  by  this  circumftance,  • 
I  made  the  fi)Ilowing  experiment :  A  fmall  Hef- 
fian  crucible,  exa£Uy  balanced,  weighed  1,585 
affiiy  pounds.  Into  this  I  put  100  of  dry  fait  of 
tartar,  and  expofed  it  for  37  minutes  to  a  melt- 
ing heat ;  but,  upon  cooling,  I  found  no  more 
than  1,645  ;  fo  that  40  pounds  had  flown  off, 
owing,  no  doubt,  to  the  aerial  acid  and  the  moi- 
ftore ;  the  former  adhering  to  the  alkali,  the  lat- 
ter both  to  the  fait  and  the  crucible.  The  fufed 
pellucid  mafs,  at  the  bottom,  at  firft  refembled 
a  glais,  but  was  by  degrees  obfcured  by  attrac- 
ting the  watery  vapours  from  the  atmofphere. 
This  I  firft  wafhed  with  vi'arm  water,  which, 
when  decanted  off,  formed  a  jelly.  When  well 
waihed,  firft  with  vitriolic  acid,  then  with  warm 
F  4  water, 
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water,  and  dried,  it  weighed  1 2  lb.  which,  up- 
on examination,  appeared  to  be  altogether  fili- 
ceous.    The  folution  precipitated  by  fixed  al* 
kali,  gave  6  lb.  of  earth  of  alum  ^  befides,  the 
crucible  was  remarkably  corroded,  particularly 
about  the  furface  of  the  fufed  mafs.    Hence  the 
particles  and  fragments  which  were  feparated  ia 
the  wafhing,  when  dried,  weighed  10  lb. ;  but 
the  crucible  itfelf,  well  wafhed  and  dried,  nov 
weighed  1,594  lb.  which  is  greater  than  ki 
weight  when  new :  Therefore,  as  1  a  +  6  +  10 
s!s  28,  and  1,585  —  28  «  1,557,  and  1,594— 
1,557  =«  37,  it  is  manifeft,  that,  during  the  fa* 
fion,  the  fixed  alkali  had  extraded  la  lb.  of  fi« 
liceous  earth,  that  is,  nearly  ^  its  own  weight, 
and  6  of  clay,  or  nearly  ^^ ;  and  that  befides 
the  crucible  retained  37  lb.   of  fixed   alkali, 
which  covered  the  bottom  with  a  vitreous  cruft 
not  at  all  foluble  in  water.     Thefe  circumftan- 
ces  flicw  plainly,  that  we  muft  not  truft  to  the 
crucible,  in  decompofing  the  feveral  genera  of 
ear&s  by  the  dry  way,  as  it  will  fuperadd  hetc- 
rogeneous  matters,  or  at  lead  change  the  pro- 
portions of  the  principles. 

In  the  examination  of  quartz,  I  have  for  many 
years  made  ufe  of  the  iron  dilhes  which  are  de- 
fcribed  in  the  Treatife  de  Terris  Geoponids. 
It  is  well  known,  that  the  common  rods  of  thii 
metal  are  of  a  parallelopiped  form,  two  of  whok 
oppofite  fides  zt%  broader  than  the  other  two. 

I 
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I  made  choice  of  forged  iron  of  the  beft  kind* 
The  rod  I  had  cut  into  pieces  of  an  inch  in 
length ;  and  on  each  of  the  broader  furfaces,  I 
hollowed  out  a  fegment  of  a  fphere.  In  thefe 
cavitiesy  when  cleaned  and  poli(hed,  I  put  the 
mixtures  with  alkali,  and,  by  an  iron  cover^ 
prevented  the  falling  in  of  aflies  and  coals.  I 
alfo  made  trial  of  another  metal,  namely,  plati«> 
na^  precipitated  from  aqua  regis  by  lal  ammoni- 
9Cj  and  afterwards  fu/ed  by  microcofmic  falt^ 
and  then  formed,  by  hammering,  into  a  little 
cap  i  but  the  large  pieces  of  regulus  obtained 
this  way  were  brittle;  and  none  but  thofe  which 
were  Very  fmall,  were  fo  perfedly  fufed  as  to  be 
malleable.  The  little  cups  made  of  this  metal 
coold  therefore  only  contain  a  few  grains ;  but, 
if  they  can  ever  be  obtained  of  a  proper  iize, 
they  will  be  in  all  refpeds  the  beft^  as  being  in* 
fufible  by  fire ;  and  if,  at  firft,  they  be  fufficient- 
ly  boiled  in  marine  acid,  the  mafles  afterwards 
fufed  in  them  will  not  be  adulterated  with  any 
iroa :  They  may  indeed  be  elizated  by  any  acid 
pienftnium,  except  aqua  regis. 

If  the  mineral  earths  are  fufed  in  iron  diflies, 
by  means  of  alkiline  ialts,  a  confiderable  quan- 
tity ctf  the  iron  is  mixed  with  them,  which  ren- 
dors  the  leparation  of  their  primary  principles 
extremely  difficult ;  but,  by  a  prq)er  regulation 
pf  the  degree  of  fire,  the  defired  end  may  be 

obtained 
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obtained  without  any  inconvenience,  as  we  fhall 
hereafter  fee. 

(d)  In  thefe  experiments,  it  is  neceflary  to 
have  the  menftrua  much  purer  than  they  are 
generally  found.  The  vitriolic  acid  which  is 
for  fale,  is  adulterated  with  a  variety  of  betero* 
geneous  matters,  and,  among  others,  fometimes 
with  gypfum  and  vitriol,  which  occa/ions  a  con* 
fiderable  difference  in  inquiries  fuch  as  oun. 
No  other,  therefore,  is  to  be  employed  but  fuch 
as  has  pafled  over  from  a  low  cucurbit  by  a 
gentle  diftillation. 

The  other  acids,  too,  require  to  be  depurated 
by  a  peculiar  diftillation ;  for  it  is  particularly 
neceflary  that  they  be  freed  from  all  earthy  or 
metallic  mixture,  as  fuch  muft  confound  the 
quantity  and  quality  of  the  principles  which  are 
explored  by  the  analyfis. 

The  common  alkali  of  tartar  is  always  adul* 
terated  with  filiceous  atoms,  the  weight  of  which 
frequently  amounts  to  0,02  :  Thefe  in  the  ftrong 
acids  immediately  are  feparated,  but,  being  uni- 
ted with  the  alkali,  remain  in  the  watery  folu- 
tion  until  the  menftruum  has  attraded  aerial 
acid  from  the  atmofphere,  which  proceeds  very 
flowly ;  for  this  reafon,  in  experiments  which 
require  much  accuracy,  I  ufe  no  other  alkali 
than  the  mineral  well  depurated,  or  the  vege- 
^bie  extracted  by  diftilled  water  from  cream  of 

tartar 
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pirtar  in  a  well-burned  glafs  veflel,  which  mani* 
JFefts  no  figns  of  filiceoiis  earth. 

*   5  IV-  Power  of  Acids  in  decompofing  the  Gems. 

There  are  only  yet  difcovered  five  fpecies  of 
earths,  which  are  fo  fimple  that  they  cannot,  by 
any  means  hitherto  known,  be  refolved  into 
more  fimple  ones,  nor  be  tranfinuted  one  into 
the  other.  Thefe  are  therefore  called  primitive 
earths,  and  that  with  juftice,  until  new  experi- 
ments ^vince  the  contrary.  '  Theft  are  terra 
ponderofa,  lime,  magnefia,  argillaceous  and  fili- 
ceous  earth.  It  cannot  be  denied,  that  it  is  not 
altogether  without  probability  fome  imagine 
that  the  number  of  thefe  earths  fhould  be  dimi- 
niflied,  confidering  them  all  as  modifications  of 
one ;  but,  in  the  eiq>lanation  of  nature,  we  mufl 
pot  fo  hx  indulge  conjedure,  as  to  fuffer  the 
ysun  phailtafms  of  imagination  to  prevail  over 
phaenomena  confirmed  by  conftant  experience, 
imd  not  impeached  by  a  fingle  experiment, 
when  made  with  accuracy.  Four  of  the  above 
mentioned  earths  are  foluble  in  certain  acids ; 
the  fifth  alone  rejeds  all  acids,  except  that  of 
the  mineral  fluor.  If,  therefore,  fome  of  thefe^ 
in  greater  or  lefs  number,  be  united  into  one 
mafs,  chemiltry  is  able  to  feparate  them  ail  by 
the  ofe  of  appropriated  menflma :  Enlarging 
|he  fur£u:e  of  cqntad  aififts  the  aftion  of  the 

menftruum 


92       OF  THE  EARTH  OF  GEMS. 

xnenftruum  very  much  i  the  earth  mud  thei:e« 
fore  be  reduced  to  a  very  fubtile  powder.  Some* 
timesy  however,  mechanical  divifion  is  not  fuffi- 
cienty  and  the  operation  mud  be  performed 
chemically,  which,  in  the  prefent  inftance,  is 
done  in  the  dry  way,  by  means  of  an  adkaline 
fait,  which,  by  attacking  the  filiceous  earth, 
loofens  the  conne&ion  of  the  principles.  To 
what  degree  the  ufe  of  mechanical  pulverization 
alone  may  be  carried,  we  (hall  foon  fee. 

(a)  Vitriolic  acid  did  not  attack  the  diamond 
in  any  way  in  which  I  have  hitherto  employed 
it ;  but  I  mud  confefs,  that  I  made  ufe  only  of 
very  fmall  portions  :  I  chofe  the  fmalleft  frag- 
ments of  the  thinneft  lamellae,  being  very  rea^ 
fonably  diftruftful  of  the  powder  which  is  for 
fale.  A  double  weight  of  vitriolic  acid,  highly 
concentrated,  added  to  a  very  fubtile  powder  of 
the  other  gems,  and  afterwards  difcharged,  by 
boiling  to  drynefs,  operates  very  powerfully; 
for  the  refiduum,  elixated  with  warm  water, 
yields  not  only  a  metallic  colouring  fubflance, 
but  a  fmall  portion  of  lime.  The  metallic  part, 
precipitated  by  a  phlogifticated  alkaline  iixivi« 
um,  yields  a  beautiful  Pruflian  blue ;  fo  that 
from  hence  it  clearly  appears,  that  the  red  co- 
lour of  the  ruby,  as  well  as  the  blue  of  the 
fapphire,  the  yellow  of  the  topaz,  the  tawny  of 
the  hyacinth,  and  the  green  of  the  emerald,  is  •^ 
to  be  attributed  to  iron,  the  quantity  of  which 
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I  ddermined  by  that  of  the  blue  precipitate. 
As  I  have  elfewhere  (b)  demonftrated^  that  fix 
parts  of  the  Pruffian  blue  are  obtained  from  one 
of  the  diflblved  iron,  I  precipitated  the  calcare* 
ous  matters  with  an  alkali,  and  it  was  found  fo 
pore,  that,  with  vitriolic  acid,  it  did  not  fhew 
the  fmalleft  traces  of  argillaceous  earth,  except 
in  the  decompoiition  of  the  fapphire.  Below 
are  found  the  quantities  extraded  from  loo 
aflay  pounds,  exprefled  in  hundredth  parts,  or 
fingle  pounds. 


Aerated  lijne. 

Inso. 

The  ruby,  red    - 

-  oriental     9 

—  10 

fapphire,  Wue 

-  oriental     7 

—    a 

topaz,  yellow '    - 

-  Saxon      8 

—    6 

hyacinth,  tawny    - 

-  oriental  20 

—  »3 

emerald,  green    - 

.  oriental     8^ 

—     4 

By  this  method  all  the  calcareous  earth  and 
iron  are  extraded,  as  will  appear  hereafter. 

(b)  Concentrated  nitrous  acid,  by  digeftion 
and  decodion,  yielded  nearly  the  fame  refult. 
I  ufed  eight  times  the  quantity  of  this  mea- 
fhiram,  continued  the  digeftion  for  two  days, 
and  the  boiling  for  an  hour.  I  cautioufly  de- 
canted off  the  clear  liquor,  and  poured  on  again 
die  fame  quantity  of  menflruum,  digefted,  and 
dten  boiled  it«    This  operation  I  repeated  twice 

more, 
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more,  and  then  flopped^  as  the  lafl:  liquor  c6n« 
tained  very  little  diflblved  matter. 

Thefe  liquors,  colleded  and  precipitated,  gave 
nearly  the  fame  refult  as  mentioned  in  a,  at 
lead  with  regard  to  the  lime  ;  and,  in  the  iron, 
the  difference  never  exceeded  0,02.  The  ni- 
trous acid,  efpecially  when  affifted  by  heat,  de* 
phlogifticates  the  iron,  and,  in  that  cafe,  takes 
it  up  with  great  difficulty  :  Hence  too,  in  this 
eaq)eriment,  the  iron  was  mixed  with  a  little 
ochre. 

The  diamond  rejefls  this  menftruum  as  well 
the  former* 

(c)  I  employed  thQ  concentrated  marine,  as 
well  as  nitrous  acid ;  iind  with  the  fame  fuccels, 
except  that  it  extraiSted  the  iron  better  than  even 
vitriolic  acid,  but  the  difference  did  not  exceed 

0,01.  r 

We  fee,  therefore,  that  from  the  gems  pro- 
perly fo  called,  a  fmall  quantity  of  lime  and  iron 
may  be  extra&ed  by  acid  menftrua;  but,  as 
what  is  extrafted  fcarcely  amounts  to  -f  of  the 
whole,  and,  after  the  feparation,  the  refiduum  is 
nearly  of  the  fame  nature  as  before,  1  began  to 
conjefture  that  the  extra£ked  part  is  accidental, 
and  that  the  refiduum  conftitutes  the  particular 
primitive  earth }  and  this  is  an  opinion  which  I 
have  publiflied  in  other  works.  In  the  mean 
time,  however,  the  few  veftiges  of  argillaceous 
earth  which  are  extra&ed  from  the  fapphire,  and 

whicb 
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whkh  fomedmes  amount  to  o^oa,  darted  a 
ficruple  of  great  weight ;  as  I  had  often  before 
experienced,  that  bodies  which,  notwithftanding 
the  moft  fabtile  mechanical  pulverization,  ap- 
pear infoluble,  yet,  upon  being  diflblved  in  an- 
other menftruum,  are  afterwards  a£hially  taken 
up  by  the  very  menftrua  which  before  were  in« 
cffe&ual :  1  therefore  tried  in  many  ways  to  ef- 
fed  my  purpofe.  One  part  of  alkaline  iak,  by 
means  of  a  due  degree  of  fire,  reduces  two  parts 
of  quartz  or  flint  to  a  tranfparent  ftrong  glais  ; 
but,  as  the  proportion  of  fiadt  is  increafed,  the 
glad  becomes  the  worfe,  and  is  not  only  corro- 
ded by  adds,  but,  if  it  contains  a  double  quan- 
tity of  ^t,  deliquiates  in  the  open  air.  By  this 
acthod  a  gla£i  may  be  had  foluble  in  water* 
The  gems  could  not  heretofore  be  reduced  to 
tranfparent  mafles  by  means  of  alkali,  and  a  qua- 
druple quantity  of  fait  is  requifite  to  make  them 
coaiefce  in  fiifion  to  a  certain  degree ;  but,  as 
this  operation  cannot  fafely  be  performed  but  in 
iron  vefiels,  in  which  cafe  the  mafis  not  only  ad- 
heres obllinately  to  the  veffel,  but  is  at  the  lame 
time  loaded  with  iron,  this  method  is  liable  to 
great  inconveniendes  ;  but,  upon  trial,  I  have 
ftmnd  that  f  ufion  is  not  neceflary,  and  that  the 
purpole  is  equally  anfwered,  if  the  quantity  of 
alkali  be  fuch  that  the  partides  may  coaiefce  by 
an  incipient  fuGon.  Hence  refults  a  method 
which  I  have  found  extremely  convenient  in  the 

examination 
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examination  of  minerals,    the  applicatioxt 
\irhich  to  the  gems  I  am  now  to  defcribe. 


S  V.   Method  by  which  the  Proximate  Princ^ 
(ffGems  are  moji  eqfily  determined^ 

(a)  The  gems  are  to  be  reduced  to  a  moft 
fubtile  powder,  which  may  be  effeded  bj  trito^ 
ration  and  elutriationi 

(b)  a  determined  weight  of  this  poVdet  (the 
larger  the  quantity  the  better)  is  to  be  mixid 
with  double  its  weight  of  depurated  mineral  al* 
kali,  which  has  undergone  fpontaneous  calcin»» 
tion. 

(c)  Let  the  mixture  be  put  into  an  iron  difly 
the  infide  of  which  (hould  be  fmooth  and  poliiii 
ed,  left  the  fmali  pieces,  which  by  calcinatnxi 
eafily  feparate  from  the  metal,  be  mixed  widi 
the  contents  of  the  vefleh 

(d j  Let  the  difh  be  placed  in  a  wind*funiace!!) 
upon  a  tile,  and  covered  by  an  inverted  cnidp 
ble,  to  keep  off  the  coals  and  aflies. 

(e)  Let  it  be  kept  moderately  hot  for  tfaretf 
or  four  hours :  If  the  heat  be  too  great,  the  malt 
adheres  to  the  bottom  of  the  veffeK  A  blaft  u 
not  to  be  employed,  left  the  iron  fhould  fwdl^ 
and  go  off  in  fcoriae. 

The  firmne&  and  coherence  of  the  liiafe,  and 
its  being  eafily  feparable  from  the  veffel,  with* 
out  any  mixture,  (hew  that  the  fire  has  heed 

properly 
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roperly  regulated,  which  may  be  eafily  learned 
»y  a  few  trials. 

(p)  Let  the  mafs,  carefully  feparated  from 
[he  vdfely  be  powdered  in  an  agate  mortar ; 
and  let  ail  that  is  fcluble  be  extraded  from  it 
by  marine  acid,  in  a  digefling  heat. 

That  nothing  more  remains  to  be  extraded, 
tnay  in  fome  meafure  be  judged  by  the  light 
and  fpongy  nature  of  the  reflduum,  but  more 
certainly  by  the  addition  of  a  new  portion  of 
add,  which,  when  digefted  for  fe>'eral  hours, 
does  not  take  up  any  thing. 

(o)  The  folution  being  finiflied,  the  refiduum 
is  coUeded  and  wafhed  well,  dried,  and  weigh- 
ed. The  deficiency  of  the  former  weight  deter« 
mioes  the  quantity  diflblved. 

(h)  The  folution  is  yellow,  which  indicates 
die  prefence  of  iron :  This  is  yet  more  certainly 
manifefted  by  an  alkaline  phlogifticated  lixivi- 
om ;  and  therefore  the  folution  fhould  be  firfl: 
precipitated  by  this,  properly  faturated.  The 
Phiffian  blue  is  coUeded,  walbed,  and  dried ;  the 
fizth  part  of  which  indicates  the  quantity  of  iron. 

(i)  The  earth,  freed  from  all  the  metallic 
parts,  is  precipitated  by  a  fixed  alkali,  purified 
oon^detely  from  filiceous  earth.  Let  the  preci* 
piute  waflied,  dried,  kept  red  hot  for  half  an 
boor,  and  then  weighed,  be  plunged  into  fix 
times  its  weight  of  diftilled  vinegar,  which  in 
^cold,  in  the  Ijpace  of  an  hour,  will  diilblve 
•  Vol.  n.  G  all 
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all  the  lime,  magnefia,  or  terra  ponderofa  whicli 
is  prefent,  but  does  not  take  up  any  confideraWe 
portion  of  clay,  unlefs  by  a  long  digeftion. 

(k)  The  vinegar  filtered  yields  to  an  aerated 
fixed  alkali  all  the  earth  which  it  held  diffolfd, 
which  muft  be  edulcorated  and  weighed.  I 
mention  particularly  an  aerated  fixed  alkali,  ai 
fuch  an  one  precipitates  even  terra  pbnderoTa, 
which  eludes  the  cauftic  alkali. 

(l)  The  nature  of  the  precipitate  throws 
down  from  the  vinegar,  is  next  to  be  examiaci 
If  this  be  put  into  diluted  vitriolic  acid,  die 
iniddle  fait  generated  will  readily  determine  the 
bafe ;  for,  with  terra  ponderofa,  this  acid  ge&s* 
rates  fpathum  ponderofum  infoluble  in  wain 
water,  though  a  thoufand  times  its  quantitf. 
With  lime  it  produces  gypfum,  which  excitei 
fcarcely  any  fenfation  of  tafte,  and  difibhres  m 
five  hundred  times  its  weight  of  warm  water, 
but  is  immediately  thrown  down  from  this  firfo- 
tion  by  acid  of  fugar.  in  the  form  of  faceharttted 
lime.  With  magnefia  it  forms  Epfom  fait,  O- 
tremely  bitter,  foluble  in  its  own  weight  of 
warm  water,  and  quickly  de(lru£tible  by  liflM* 
water. 

(m)  The  refiduum  colle&ed  (a)  muft  alfobe 
examined,  which  is  beft  done  by  the  blow-pipi^ 
Thefe  refidua,  in  fmall  portions,  muft  undottk* 
edly  be  very  minute,  and  there£ore  ihcniidflot 
be  treated  in  large  veflels :  Bcfidcs»  the  oidi» 
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ry  crucibles  are  by  no  means  fit,  where  filiceoos 
earth  is  concerned  ;  nor  are  veffels  of  iron  fafe- 
ly  to  be  ufcd,  as  fufion  is  neceflary,  (§  iii.  c.)* 
Thefe  infoluble  refidua  are  found  to  confid  ei- 
ther of  particles  of  gems  not  yet  fufficiently  di- 
Wded,  or  of  filiceous  earth,  as  all  the  other 
earths  yield  to  the  force  of  the  acid. 

This  operation  is  eafily  performed  by  the 
blow-pipe,  in  the  following  manner:  Let  a 
piece  of  mineral  alkali  be  fufed  in  a  filver  fpoon^ 
and  to  it  be  added  a  fmall  quantity  of  the  refi* 
dmun  ;  the  circumftances  of  their  union  are 
then  to  be  carefully  obferved  ;  for,  if  the  refi- 
daum  enters  the  fufed  alkali  with  a  vehement 
eflRenrefcence,  and  is  all  quickly  diflblved,  it  is 
tmlj  filiceous ;  but,  if  it  enters  without  effer- 
vefcence,  and  afterwards  continues  rolling  a- 
boot  in  form  of  a  powder,  (which,  as  the  fufed 
mafs  is  ttanfparent,  may  eafily  be  feen),  we  may 
conclude  that  there  ftill  remain  in  it  fome  par« 
tides  of  the  gem. 

(k)  The  refiduum  mentioned  (t)  has  been 
dledged  to  be  argillaceous ;  but  to  demonftrate 
ddf ,  let  it  be  treated  with  thrice  its  weight  of 
concentrated  yitriolic  acid,  fo  that  the  liquot 
may  evaporate  to  drynefs  ;  the  remaining  mafs, 
V  che  bde  be  argillaceous,  will  diflblve  in  twice 
its  weight  of  warm  water,  produce  a  fweetifh 
sftringent  tafte  in  the  mouth,  yield  odaedral 
CTfftals,  be  quickly  precipitated  by  cauftic  vola- 
G  a  tile 
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tile  alkali,  and  exhibit  the  other  charaftcrs  \yy 
which  alum  is  diftinguifhed. 


§  VI.    Proximate  Principles  of  the  Gems. 

I  have  examined  the  gems  in  the  manner 
above  defcribed.  The  refiduum  of  o  I  found 
purely  filiceous  j  the  precipitate  of  h,  a  genu- 
ine PrufTian  blue  ;  that  part  diflfolved  by  diftil- 
led  vinegar  in  k,  wholly  calcareous  ;  and  what 
remained  undiflblved,  argillaceous ;  fo  that  I 
entertain  no  doubt  concerning  the  quality  of 
the  principles.  As  to  the  quantity  and  relatifc 
proportions,  many  experiments  are  neceflaryto 
determine  that  point ;  for  I  have  only  ufed  very 
fmall  quantities,  not  exceeding  an  alTay  hun* 
dred.  Upon  fubjefting  the  matter  of  the  fame 
cryftal  twice  to  experiment,  a  difference  occur- 
red fcarce  exceeding  rr^y  but  different  cry- 
ftals,  V.  g.  different  rubies,  differed  more,  even 
to  0,07.  Doubtlefs  in  every  fpecies  the  pro- 
portions may  vary  a  little,  within  certain  limitSi 
which  yet  remain  to  be  difcqvered. 

Here  follow  the  mean  quantities  extraded 
from  each  100,  according  to  my  experiments* 
As  the  argillaceous  earth  forms  the  largeft  part 
of  all  of  them,  I  have  arranged  them  according 
to  the  quantity  of  that  ingredient. 


Emerald 
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Siliceous 

Clay. 

Earth. 

Lime. 

Iron, 

Emerald    • 

-     60 

24 

8 

6 

Sapphire    • 

.     58 

35 

5 

2 

Topaz      - 

-      46 

39 

8 

6 

Hyacinth 

-       40 

25 

20 

»3 

Ruby      - 

-      40 

39 

9 

10 

By  clay,  I  mean  nothing  more  than  the  earth 
of  alum,  vhich  is  found  in  all  clay  mix^d  with 
fiiiceous  powder,  (§  v.  n.).  By  filiceous  earth, 
I  ttnderftand  fuch  as  principally  conftitutes  pure 
qoaitz,  mountain  cryftal,  and  flints,  (§  viu). 
'fhe  numbers  in  the  third  column  point  out 
aerated  lime.  A  doubt  may  indeed  be  ftarted, 
whether  it  enters  into  the  compoiition  pure  or 
aerated  :  If  the  latter  be  the  cafe,  the  clofenefs 
of  its  connection  with  the  other  principles,  and 
the  fmallnefs  of  its  quantity,  which  never  ex- 
ceeds j-,  and  is  in  general  lefs  than  -j~,  may  be 
Efficient  to  prevent  any  diminution  of  weight 
in  the  fire,  or  any  vifible  efFervefcence  with  a- 
dds ;  but  the  deficiency  of  weight  which  never- 
ihelefs  occurs,  feems  to  indicate  that  it  enters 
Ac  competition  aerated.  Out  of  1 00  parts,  one 
or  two  are  eafily  diflipated  in  the  various  ope- 
rations in  diflFerent  veffels  and  filters,  which  ac- 
coonts  for  fome  of  the  deficiencies  in  the  above 
table;  but  5,  8,  and  much  lefs  12  parts,  could 
not  efcape  proper  accuracy  in  that  analyfis, 
G  3  which 
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which  laft  would  be  the  cafe  in  the  decompofi- 
tion  of  the  hyacinth,  on  the  fuppofitipn  that  the 
lime  was  prefent,  free  from  aerial  acid.  I  coidd 
obferve  nothing  volatile,  after  an  expofitioaof 
feveral  hours,  tq  a  white  beat;  nor  upon  die 
addition  of  acids  is  any  thing  fublime^^iride 
they  pafs  over  into  the  receiver. 

The  lad  column  fhews  the  quantity  of  metal- 
lic iron,  which,  diflfolved  in  acids,  and  prccqft- 
tated  by  phlogidicated  alkali,  yields  a  quantkj 
of  dark  Pruflian  blue  equal  to  that  obtaincA 
from  the  feveral  gems  refpeftively,  ($  v.  Bij| 
Now,  the  iron  is  here  prefect  in  a  calcined  ftite, 
and  this  metal,  like  others,  has  its  weight  lo- 
creafed  by  calcination,  fometimes  amoundng 
even  to  0,36 :  Hence  it  follows,  that  the  quan- 
tity of  martial  ingredients  is  fomewhat  grsiter 
than  is  denoted  by  the  numbers  ;  and  this  m^ 
tal  gives  birth  to  different  colours,  not  only  ia 
proportion  to  its  quantity,  but  its  quality,  that 
is,  the  quantity  and  modification  of  the  phlo* 
gifton  remaining  in  the  calx. 

From  the  above,  it  may  alfo  be  coUeAed, 
that  the  gems  agree  inthis  refpeft ;  that  they 
all  conflft  of  the  fame  principles  ;  and  that  cf 
thefe,  the  argillaceous  earth  forms  the  greateft 
part,  then  the  filiceous,  next  the  calcareouiy 
and  lead  of  all  the  iron.  The  two  firft  ingit- 
dients  vary  extremely. 
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The  knowledge  of  the  principles  muft  nccef- 
lajily  throw  feme  light  on  the  properties.  Thefe 
gems  exceed  all  other  bodies  in  hardnefs,  the 
diainond  excepted  }  and  we  find  upon  analyfis^ 
that  they»  abound  in  argillaceous  earth.  Hence 
we  may  form  fome  judgment  of  the  prodigious 
degree  of  exficcation  requifite  to  occafion  fuch 
a  degree  of  hardnefs.  The  heat  of  the  tempe- 
rate zone  is  found  infufficient  for  this  purpofe, 
and  the  more  conflant  and  intenfe  heat  of  the 
tr(^ical  climate  is  requifite.  Condenfation  is 
the  neceflary  confequence  of  this  hardnefs : 
Hence  the  gems  are  more  ponderous  than  the 
other  earthy  cryitals. 

The  gems,  except  emerald  and  hyacinth,  re- 
an  the  mod  intenfe  fire ;  yet  we  know,  that  the 
ruby  has  been  foftened  in  the  focus  of  a  burn- 
ing mirror.  Experience  alfo  fhews,  that  the 
four  principles  of  which  they  are  compofed,  ac- 
cording to  their  various  proportions,  form  mix- 
tures with  very  different  degrees  of  fufibility. 
Fixed  alkali  attrads  filiceous  earth  very  power- 
fully, but  fcarcely  adls  upon  argillaceous  earth 
or  lime :  Hence  it  is  with  difficulty  it  a£ts  upon 
the  gems,  in  which  not  only  the  filiceous  earth 
IB  in  fmall  quantity,  but  is  alfo  clofely  united 
with  the  other  principles  ;  yet,  in  the  emerald, 
which  is  infierior  in  hardnefs  to  the  reft,  the 
loo&r  texture  permits  the  alkali  to  attack  the 
filiceous  earth  more  readily ;  hence,  when  ex- 
G  4  pofed 
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pofed  to  the  blow  pipe  with  this  fait,  it  is  r^r . 
folved  into  a  powder,  with  a  momentary  effer- 
vefcence.  The  microcofmic  fait  diffolves  Ume 
and  argillaceous  earth  very  well,  but  hardly  the 
filiceous ;  yet,  as  this  is  but  in  fmall  quantitfi 
by  means  of  the  former  the  latter  is  taken  uft 
though  flowly.  Finally,  borax,  which,  in  the 
dry  method,  ftrongly  attrafts  all  the  principles,  - 
diiTolves  their  combinations  more  eafily  than  the 
other  falts. 

The  fame  kind  of  delay  which  the  argiHac^ 
cus  and  calcareous  earths  occafion  in  the  a£tioa 
of  fixed  alkali,  by  covering  the  filiceous  earth, 
does  the  clofe  union  of  .that  earth  with  them  oc^ 
cafion  to  acid  menftrua ;  fp  that,  without  fginc 
previous  preparation  with  alkali,  fcarcely  aoy. 
thing  can  be  extricated,  except  the  lime  and  the 
metallic  part. 

§  VII.    Cryjiah  allied  to  the  Gems* 

Upon  confidering  what  has  been  faid,  I  be- 
lieve no  one  will  deny,  that,  in  a  lyftera  of  na- 
tural hifl-ory,  the  gems  belong  to  the  tribe  of 
compound  argillaceous  fubftances  ;  but,  as  na- 
ture operates  by  infenfible  degrees,  it  will  not 
be  improper  here  to  confider  other  cryftals 
which  are  nearly  related  to  the  gems  j  for,  by 
increafing  the  proportion  of  filiceous  earth,  a 
great  number  of  fubftances,  compofed  of  the 
^'  •  fame 
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feme  materials,  will  appear,  differing  from  them 
more  or  lefs.  To  this  clafs  belongs  a  number 
of  ftones,  fuch  as  garnet,  fchoerl,  zeojith,  and 
quartz  :  The  two  former  of  thefe,  examined  in 
tjie  fame  way  as  the  gems,  (§  v.),  exhibit  the 
£une  principles ;  but  in  thofe  the  filiceous  earth 
predominates  over  the  argillaceous  ;  yet  is  the 
connexion  of  the  principles  fo  clofe,  t^at  thei 
garnet  always  ftrikes  fire  with  fteel,  and  the 
fchoerl  not  unfrequently.  Thefe  are  followed 
by  the  zeolith,  the  texture  of  which  is  fo  lax, 
that  acids  feparate  its  conftituent  pans,  without 
any  other  previous  preparation  than  a  mechani- 
cal pulverization.  The  zeolith  very  feldom 
ftrikes  fire  with  fteel,  yet  is  fometimes  found 
hard  enough  for  that  purpofe.  Such  is  the 
white  zeolith  of  Mount  Moeffeberg  in  Weft 
Gothland,  and  the  green  in  the  gold  mine  at 
Adelfors :  It  is  alfo  very  feldom  tranfparent. 
The  quartz  forms  as  it  were  the  extreme  link 
of  the  chain ;  for  this  abounds  fo  much  with 
filiceous  earth,  as  almoft  to  conceal  the  other 
principles.  If  the  analyfis  be  attempted  with  a 
double  quantity  of  mineral  alkali,  it  is  extreme- 
ly difficult  to  moderate  the  fire  fo  as  to  prevent 
fufion ;  the  fait  muft  therefore  be  reduced  to  ^. 
If  the  menftrua  be  afterwards  employed  in 
the  manner  defcribed  for  the  gems,  very  little 
jslay  or  lime  is  obtained.  I  am  not  certain  whe- 
ther there  be  any  mountain  cryftals  entirely  fili- 
ceous. 
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ceous,  which  perhaps  may  be  the  cafe.  I  have 
long  fince  declared^  that  I  did  not  difcover  any 
argillaceous  earth ;  but,  at  the  fame  time,  I  ob- 
lerved  that  the  experiment  was  imperfed. 

It  will  be  proper  to  conclude,  by  eftabliflung 
the  characters  of  the  ftones  which  have  been  ac- 
curately examined,  (for  the  benefit  of  minera^ 
logifts),  and,  at  the  fame  time,  to  explain  their 
genefis  and  connexions. 

We  (hall  firft  define  thofe  which  belong  to 
the  clafs  of  argillacea  ;  concerning  which, 
though  the  chief  circumftances  have  been  al- 
ready mentioned,  I  think  it  fit  to  repeat  them  in 
a  compendious  way,  and  then  go  on  to  the 
filicea« 

The  Genu 

A  fmall  piece  of  this,  expofed  on  charcoal  to 
the  blow-pipe,  does  not  flow  j  but,  by  a  very 
long  continued  flame,  the  hyacinth  and  emerald^ 
to  which  we  may  add  the  aqua-marinus  and  the 
cryfolith,  are  foftened  and  rendered  opake. 

Fufed  with  the  mineral  alkali  in  a  filver  fpoon, 
no  eServefcence  is  obferved,  nor  any  diminu- 
tion, except  in  the  emerald,  the  aqua-marinus, 
and  the  cryfolith,  which  are  as  it  were  upon  the 
confines  of  the  fchoerls  :  Thefe  are  refolved  in- 
to a  powder,  but  a  refraftory  one,  which  re- 
volves in  the  globule  of  fait,  without  any  fenfi- 
ble  diminution. 

It 


O?  THE  EARTH  OF  GEMS.      107 

It  is  diflblved,  though  flowly,  by  the  micro- 
cofmic  falt^  without  any  commotion.  Glaft  i$ 
not  tinged,  imldk  by  the  red  ruby,  which  co- 
lours it  of  a  beautiful  green :  It  remains  nearly 
franfparent  with  the  reft :  With  the  hyacinth 
and  emerald  it  grows  opake  upon  cooling. 

With  borax,  it  difappears  a  little  fooner.  Aa 
addition  of  lime  ailifts  the  folution,  which  was 
fird  obferved  by  the  celebrated  D.  Quift,  and 
I^ee3  extremely  well  with  its  known  compofi* 
tion. 

The  acids,  by  long  digeftion,  extrad  a  fmall 
portion  of  the  lime  and  iron ;  but,  if  the  gem 
has  been  preyioufly  treated  with  alkali,  they  al- 
b  take  up  the  clay  ;  fo  that  the  iiliceous  earth 
alone  remains  undiflblved* 

In  general,  the  gems  confift  of  an  argillace- 
ous earth,  which  forms  the  greateft  part ;  then 
iiliceous  earth }  then  lime ;  and,  finally,  iron 
^arioufly  modified.  The  proportions  of  each 
fpedes  muft  be  determined  by  a  great  number 
of  experiments.  It  alfo  remains  to  be  determi*  / 
Bed,  Ttiiether  the  various  colours  of  each  fpecies 
occafion  any  diverfity ;  and  whether  the  hexa^ 
gpnal  or  odaedral  prifinatic  form  conftantly  in- 
dicates any  remarkable  variety  in  the  compofi- 
tjon. 

The  ruby  is  generally  of  an  odaedral  form  ; 
ibmetimes,  too,  accidentally,  fchoerlaceous.  A- 

nalyfia 
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nalyfis  has  not  yet  determined  the  compofitioQ 
of  any  prifmatic  ruby. 

The  fapphire  is  fometimes  found  cryftallized 
like  quartz  ;  fometimes  it  bears  the  form  of  an 
oblique  parallelopiped ;  fometimes,  as  authors 
relate,  it  is  oftaedral. 

The  topaz  commonly  affefts  cither  a  cubic  or 
parallelopiped  form,  in  fuch  a  manner,  however^ 
that  the  figure  is  feldom  complete ;  but  the 
number  of  fides  is  augmented  by  the  diefe£t  in 
the  prifm  itfelf,  and  particularly  in  the  margin 
of  the  plane  extremity. 

The  hyacinth  alfo  exhibits  a  tetragonal  prifm, 
but  terminated  by  a  pyramid,  (tab.  i.  fig.  2.). 

The  emerald  is  generally  an  hexagonal  prifm, 
truncated  at  right  angles. 

No  perfon  devoted  to  the  ftudy  of  mineralogy 
fhould  forget  of  how  little  confequence  external 
marks  are,  efpecially  as  ftones  by  triture  be- 
come ihapelefs,  or  at  lead  irregular.  Science 
has  much  to  expeft  from  the  anaiyfis  of  cryftals, 
both  of  the  fame  and  different  figures,  although, 
before  the  compofition  can  be  examined,  they 
muft  be  artificially  deprived  of  their  natural- 
form. 

The  fpecies  of  gems  is  ufually  determined 
by  the  hardnefs ;  and  by  that  quality  particu- 
larly, together  with  the  clearnefs,  has  their  good- 
nefs  been  eftimated.  The  fpinellus  is  particu* 
krly  worthy  of  obfervatiop,  which  is  not  only 

powdered 
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powdered  by  the  iapphire,  but  even  by  the  to- 
paz ;  as  alTo  the  cryfolith,  which  is  broken 
down  by  the  mountain  cryftal,  the  hardnefs  of 
which  feems  rather  to  be  owing  to  the  degree  of 
cxficcation  than  the  proportion  of  ingredients. 
The  analyfis  of  fpinellus,  of  cryfolith,  and  other 
varieties,  will  fometimes  illuftrate  the  true  con- 
nection ;  otherwife,  after  the  diamond,  the  firft 
degree  of  hardnefs  belongs  to  the  ruby,  the  fe- 
cond  to  fapphire,  third  to  the  topaz,  next  to 
which  comes  the  genuine  hyacinth,  and,  fourth, 
the  emerald. 

Formerly,  colour  was  entirely  confided  in ; 
but  now,  neither  can  a  red  charaderize  the  ruby, 
a  blue  the  fapphire,  a  yellow  the  topaz,  or  a 
green  the  emerald. 

The  fpecific  gravity  varies  fo  much,  that  from 
it  nothing  certain  can  be  determined  concerning 
the  fpecies ;  but  the  topaz  is  generally  moft 
weighty,  from  3,460  to  4,560 ;  the  next  is  the 
ruby,  from  3,180  to  4,240  ;  then  the  fapphire, 
from  39650  to  3,940 ;  and,  finally,  the  emerald^ 
from  2,780  to  3,711  :  Among  the  varieties  of 
which  laft,  the  cryfolith  is  mod  ponderous. 

The  Garnet. 

A  fmall  piece  expofed  to  the  flame  flows 
without  ebullition,  fometimes  imo  a  green  pel* 
lucid  globule,  fometimes  into  a  black  fcoria. 

With 
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With  mineral  alkali  it  refolves  into  a  refrac 
tory  powder  fo  (lowly,  that  fcarce  any  effervd 
cence  is  obferved :  When  the  iron  predooii 
nates,  the  mafs  grows  brown. 

With  microcofmic  fait  it  diflblves,  without 
any  appearance  of  bubbles,  yielding  a  j^afi, 
which  is  green  or  blackifh,  if  much  iron  be  pre- 
fent. 

With  borax  the  fame  circumftances  take 
place. 

The  acids  extrad  fcarce  any  thing  more  than 
the  lime  and  iron  ;  but,  after  preparation  with 
alkali,  they  alfo  take  up  the  clay,  which  being 
feparated,  the  (iliceous  «arth  remains  alone. 

The  (iliceous  earth  forms  the  greateft  part; 
next  the  argillaceous ;  the  calcareous  is  in  fUtt 
fmaller  quantity. 

The  iron  varies  much ;  the  pellucid  cryfbls 
contain  about  0,02 ;  the  opake  and  black  fom^ 
times  fo  far  as  0,2 :  Lead  is  feldom  prefeitt< 
The  cryfials  which  contain  tin,  called  zingrau 
pen,  are  nearly  allied  to  the  garnets. 

The  form,  when  complete,  is  dodecaedral 
confiftlng  of  equal  rhombi :  This  may  be  coti 
ceived  as  an  hexagonal  prifm,  terminated  ^ 
each  end  by  three  rhombi.  It  fometimes  pul 
on  the  hyacinthine  form,  though  but  feldof 
Complete,  efpecially  when  loaded  with  tin :  Tb 
varieties  are  manifold  ;  the  internal  texture  i 
laminated,  though  not  confpicuoudy. 
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It  yields  in  bardnefs  to  the  topaz,  but  exceeds 
the  mountain  cryftal. 

The  colour  of  pellucid  garnet  is  red,  fomc- 
tinies  more  or  lefs  verging  to  yellow,  fometimes 
to  violet :  Hiat  of  the  opake  is  yellow,  red,  or 
blackiflu 

It  approaches  neareft  to  the  topaz  in  ipedfic 
gravity ;  and,  when  copioufly  loaded  with  iron, 
fbu'cely  exceeds  it,  being  from  3,600  to  4,600. 

The  ScboerL 

A  fmall  piece  expofed  to  the  flame  foams 
flightly,  and  grows  foft,  but  can  fcarcely  be  col- 
le&ed  into  a  globule,  as  is  the  cafe  with  the 
furmalin  of  Ceflon,  which  is  akin  to  this,  as 
alio  with  the  fijuamous  fdioerl,  called  horn- 
blend. 

With  the  mineral  alkali  it  refolves  into  a 
powder,  with  a  flight  and  almoft  momentary 
efferveicence* 

With  microcofmic  fait  it  diflblves  with  a  flight 
eServefcence ;  and,  on  the  addition  of  a  greater 
quantity,  the  globule  begins  to  grow  opake. 

With  borax  the  cafe  is  the  fame;  but  the 
globule  remains  clear,  unlefs  made  blackifli  by 
a  large  quantity  of  iron. 

By  long  digeftion  the  acids  extraft  the  calca* 
reous  eanli,  the  metallic  part,  and  even  a  great 
quantity  of  the  clay ;  but,  by  previous  prepara- 
tion 
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tioQ  with  alkali,  the  more  foluble  parts  fepanLf^ 
from  the  filiceous  earth. 

The  filiceous  earth  is  in  fomewhat  greater 
quantity  than  in  the  garnet ;  the  argillaceout 
is  next  in  order;  laft,  the  calcareous.  The 
martial  ingredient  forms  about  0,04  in  the  pel- 
lucid cryftals ;  in  the  opake,  particularly  the 
black,  it  fometimes  amounts  to  0,2. 

Its  cryftalline  form,  when  complete,  is  t^e 
fame  with  that  of  the  garnet,  only  the  prifm  is 
more  elongated ;  but  it  is  very  feldom  found 
perfcd: :  Hence  the  defed  of  apices  and  prifms 
of  a  greater  number  of  fides.  The  angular 
longitudinal  excavations  are  doubtlefs  the  ve< 
fliges  of  cryftalline  fpiculae  formed  at  the  fame 
time ;  the  horn-blend  is  generally  found  con- 
creted into  fquamous  fquare  lamellae  ;  the  tez* 
ture  is  fpathaceous,  though  not  always  confpi« 
cuous. 

It  fcarcely  exceeds  the  mountain  cryftal  in 
hardnefs ;  but  the  prifmatic  may  often  be  cut 
by  a  knife  ;  the  fquamous  always. 

The  colour  of  the  tranflucid  cryftals  is  yellow 
or  brown,  but  generally  green ;  the  opaque 
black  or  green. 

It  is  nearly  equal  in  fpecific  gravity  to  the 
garnet,  between  3,000  and  4,000 ;  the  clear 
cryftals  are  generally  lighter. 


The 
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the  ZeoUtb. 

A  iinall  piece  expofed  to  the  flame  fwells  up 
Hke  borax,  with  the  greater  vehemence  in  pro- 
portion as  it  is  more  cryftalline }  it  finally  goes 
off  in  a  fpiimous  fcoria,  and  can  very  feldom  be 
brought  into  a  globule :  A  few  varieties  of  it 
iiiow  a  momentary  ezixstnfion  of  volume,  and 
thai  without  any  ebullition. 

With  the  microcolinic  lalt  it  fwells  in  dilTol- 
ring,  but  flowly,  and  the  globule  remains  clear. 

With  borax  it  diflblves  in  the  fame  manner. 

The  adds  extraft  every  thing  that  is  foluble, 
Mfaout  previous  preparation  with  alkali,  nay 
Ibmetimes  they  refolve  it  into  a  jelly. 

In  this,  too,  the  filiceous  earth  is  more  abun- 
dant than  the  argillaceous ;  the  calcareous  makes 
the  £a[iaileft  part}  the  iron  fcarcely  exceeds 
o,oi. 

The  form  of  the  cryftals  is  feldom  prifmatic  ; 
generally  an  imperfed  pyramid :  Many  diverge 
from  the  fame  point,  with  broad  extremities, 
and  often  coalefce  into  fmall  fpheres. 

Its  hardnels  is  feldom  fo  great  as  to  ftrike 
fire  with  flint ;  generally  it  will  not  even  cut 

The  colour  white  and  red,  fomecimes  green, 
very  feldom  tranfparent. 

It  is  not  of  great  fpecific  gravity,  fcarce  ex- 
ceeding  2,100.  . 

Vot.  II.  H  From 
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From  what  has  been  faid,  it  plainly  appears, 
that  the  garnet,  the  fchoerl,  and  the  zeolith,  arc 
united  in  the  fame  degree  of  affinity  as  the  ruby, 
the  fapphire,  the  topaz,  the  hyacinth,  and  the 
emerald ;  yet,  in  fyflematic  arrangement,  the 
three  firft  named  are  placed  not  only  under  dif- 
ferent genera,  but  often  under  different  orders* 
The  bardnefs  increafes  in  proportion  to  the  day* 
From  the  zeolith,  through  the  fchoerl,  to  die 
garnet,  we  may  follow  the  natural  chain,  by  de- 
fcending  through  the  iaxum  trapp»  to  the  rnu* 
ga.  In  this  there  occurs  no  more  than  a  ne- 
qhanical  mixture.  Every  clay  which  I  have  had 
an  opportunity  of  examining  contains  filieeoiif 
particles,  finer  or  coarfer,  mixed  with  it,  hue 
always  exceeding  the  weight  of  half  the  mafs, 
frequently  amounting  to  0,7,  nay  to  o,&  ;  it  it 
generally  alfo  mixed  with  iron,  from  0,03  to 
o,2o.  Let  us  now  fuppofe  the  accefs  of  a  little 
calcareous  earth,  and  we  fhall  have  the  maiga, 
which  is  difcovered  by  an  effervefcence  in  acids, 
although  the  calcareous  earth  does  not  exceed 
o,o2.  In  the  faxum  trapp.  analyfis .  difcovers 
the  fame  principles,  not  feparate,  as  in  the  for- 
mer cafe,  but  united,  and  that  not  merely  by 
induration,  but  by  a  fpecies  of  rude  cryftaUin* 
tion ;  for  the  raicrofcope  difcovers  the  texture  to 
be  fpiculatcd  or  granulated,  Suppofe  this  to  be 
reckoned  among  the  faxa,  the  diflinguiihing 
property  of  which  is  to  exhibit  particles  of  dit 

forent 
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ferent  natures,  diftinguifhable  by  the  eye;  it 
will  at  leaft  be  found  the  mod  fubtile  of  mecha- 
nical compofitions,  and  conftituting  a  link  of 
the  chain  which  unites  the  faxa  with  thofe 
which,  although  compounded,  are  yet  fo  ho- 
mqgeneous  and  concreted,  by  the  attraction  of 
Aeir  parts,  that  the  eye,  even  aflifted  by  the 
gUs,  cannot  diftinguifh  their  conftituent  parts, 
at  all  the  integrant  parts  contain  the  fame  pro^ 
xiiDate  principles,  and  in  the  fame  proportion 
It  the  whole  does.  To  this  belong  the  gems, 
Ae  garnet,  the  fchoerl,  the  zeolith^  and  other 
derivatiTe  earths,  which  Mr  Cronftedt  confiders 
at  primitive. 

I  leave  it  to  be  detetmined  whether  cryftals 
taxf  be  formed  without  the  help  of  any  other 
menftruum  than  water.     To  me  it  appears  very 
probable,  that  any  fluid  vehicle,  even  though 
not  a  folvent,  may  be  fufficient  for  this  purpofe^ 
provided  the  minute  atoms  are  fo  fufpended  in 
ir,  that  they  may  freely  obey  the  laws  of  their 
mutual  attradion.     The  very  minute  molecules 
exert  attradions  proportioned  to  the  amplitude 
of  their  furfaces,  a  force  which  is  deficient  in 
faffger  particles.     More  or  lefs  of  water  alfo 
feems  to  enter  the  texture  of  flonv  cryftals,  al- 
though, by  age  and  exficcation^  this  is  general- 
ly expelled.     The  foaming  of  the  zeolith  in  the 
bty  is  owing  to  moifture  going  off  in  the  form 
of  vqK>ur ;  and,  no  doubt,  it  is  a  fmaller  quan- 
H  2  tity 
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tity  of  this  that  occafions  the  leffer  ebullition  in 
the  fchoerl,  flill  lefs  in  the  garnet,  \7hile  there 
occurs  none  at  all  in  the  gems. 

The  petrofilices  alfo  contain  filiceoas,  argil* 
laceous,  and  calcareous  earthy  intimately  unitei 

On  the  other  hand,  we  may  fhew  the  progreft 
of  gems,  through  the  mountain  cryftais  to  die 
pure  flints.  The  cleared  cryftais  of  quarti 
which  come  from  Jetland,  treated  with  3-  of  mi* 
neral  alkali,  (§  v.),  afterwards  yielded  to  adds 
0,06  of  clayj  and  0,0 1  of  calcareous  earth ;  fo 
that  the  fame  principles  are  found  as  before,  tf 
any  one  fufpedls  that  the  whole  of  the  infolubk 
refiduum,  by  fucceflive  preparation  with  alkaEy 
might  in  like  manner  be  refolved  into  argillac^ 
ous  and  calcareous  earth,  1  can  inform  him  tbt 
I  have  made  the  attempt  in  vain.    ^ 

S  VIII.   Of  the  Diamond. 

As  the  diamond  is  confefledly  the  chief  of 
fhe  gems,  commonly  fo  called,  I  have  in  die 
preceding  pages  only  mentioned  fuch  circum- 
fiances  concerning  it  as  ferve  to  evince  that  it 
differs  effentially  from  the  reft.  I  am  far  from' 
being  able  to  illuftrate  this  difference  further  bf 
a  perfedl  analyfis ;  yet  it  may  not  perhaps  bt 
altogether  ufelefs  to  mention  fo  much  as  I  have 
been  able  to  difcover.  This  operation  is  ex- 
tremely difficult,  partly  on  account  of  the  ex- 
travagant 
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(ravagant  price  which  is  required  for  fuch  quan- 
tities as  are  neceflary  to  make  experiments  which 
can  be  relied  on,  partly  on  account  of  the  na- 
ture of  the  ftone  itfelf.  In  order,  therefore,  tb 
finobth  the  way,  by  removing  obftacles,  for 
didle  whom  curioHty  may  invite  to  the  exami- 
nation of  this  gem,  and  whom  circumftances 
permit  to  proceed  more  eafily  than  1  have  been 
iltM  to  do,  1  fhall  relate  fuch  circumftances  as  I 
bve  difcQvered* 

.  Th^  diamond  differs  from  the  ruby  and  the 
odier  g^ms  (as  has  been  faid  before)  by  a  degree 
(^  hardnefs  unknown  in  any  other  production 
of  nature,  and  particularly  by  it$  fiigacity  in  a 
moderate  heat,  (fuch  as  is  fufficient  to  melt  fil- 
rerj,  or  rather  by  its  flow  deflagration  j  for, 
iheu  m^de  completely  of  a  white  heat,  it  not 
only  fenfibly  diminiflies  in  bulk,  but  is  fur- 
rounded  by  a  little  flame  or  cloud  :  But,  fo  far 
a3  I  k|iOY^9  t^^  cubic  or  fchoe^l-form^d  dia- 
monds liave  not  yet  be^n  duly  expofed  to  fire ; 
fo  that  it  remains  to  be  difcovered  experimen- 
tally, whether  thpfe  alfp  entirely  fly  off,  and,  if 
^  not,  they  muft  lofe  the  name  of  diapiandSf 
f  The  diamond,  urged  by  a  very  intenfe  heat, 
^Dtrafls  a  fort  of  foot  upon  its  furface. 

We  now  proceed  to  examine  its  hal)its  with 
refped  to  menftrua, 

(aJ  The  powder  fit  for  thefe  experiments  is 

tp  be  had  by  rubbing  two  diamonds,  entirely 

H  3  deprived 
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deprived  of  their  external  covering,  againft  oDe 
another,  (for  it  is  yet  doubtful  whether  the  cor- 
tical  part  be  entirely  of  the  fame  nature  widi 
the  nucleus).  Such  a- pulverization  reqotrei 
larger  diamonds  than  it  was  in  my  power  to 
procure  upon  this  occafion ;  I  was  therefett 
obliged  to  content  myfelf  with  the  examinatitNi 
of  the  powder  which  is  for  fale.  It  is  reported 
of  the  diamond,  that  it  yields  a  powder  nearly 
black ;  which  is  certainly  true  of  the  powder 
that  is  fold  :  But  this  colour  is  not  to  be  cc^ifi- 
dere4  as  natural,  as  the  blacknefs  can  be  caSij 
extracted  by  acids,  the  particles  remaining  white; 
fo  that  the  colour  muft  be  owing  either  to  die 
inftruments  employed,  or  to  the  cortical  part  of 
the  (lone.  Yet  it  may  happen,  that  black  dia? 
monds,  which  cannot  be  converted  to  odicr 
ufes,  may  be  pulverized ;  and,  no  doubt,  in  this 
cafe,  the  colour  will  be  more  fixed. 

(b)  This  powder,  when  well  depurated  l^ 
aqua  regia,  eludes  the  force  of  other  acids }  yet 
with  the  vitriolic  acid  it  exhibits  a  curious  pha^ 
nomenon*  This  menftruum,  poured  upon  the 
powder,  and  evaporated  to  a  fmall  quantityi 
grows  black,  and  depofits  black  pellicles,,  which 
it  is  very  difficult  to  dry.  Thefe  pellicles  take 
fire  upon  the  approach  of  flame,  and  are  almoft 
entirely  confumed,  at  lead  they  leave  fo  minute 
a  refiduum,  that  the  nature  of  it  could  not  be 
examined.    It  is  a  queftion  whether  this  is  At 

veftigc 


OF  THE  EARTH  OF  GEMS.      119 

▼eftige  of  a  footy  matter  :  I  could  not  obfervc 
the  finoke  of  phlogiflicated  Titriolic  acid  pro- 
ceeding  from  the  fire. 

(c)  I  treated  the  depurated  powder  with  three 
times  its  quantity  of  mineral  alkah',  in  the  man- 
ner above  defcribed,  (§  v.).  After  remaining 
diree  hours  in  the  fire,  the  powder  did  not  (hew 
a  ficniible  cohefion ;  however,  I  extra^led  the 
foloble  part  by  marine  acid,  and  then  attempted 
a  precipitation  with  vegetable  alkali ;  and,  in 
fad,  a  light,  whitifh,  fpongy  fubftance  was 
thrown  down,  which  diffolvcd  in  all  the  mineral 
adds,  but  with  the  vitriolic  produced  neither 
fpathum  ponderofum,  nor  gypfum,  nor  Epfom 
lalt,  nor  perfedk  alum :  It  concreted  indeed  into 
cryftals,  but  of  an  irregular  form,  eafily  foluble 
in  water,  which  liquefied  by  the  blow-pipe,  and 
were  then  abforbed  by  the  charcoal :  They  were 
of  an  acid,  yet  auftere  tafle. 

(d)  I  agkin  treated  the  undifTolved  powder 
mentioned  in  c  with  double  its  quantity  of  mi- 
neral alkali :  This  concreted  into  a  firm  mafs, 
from  whence  it  appeared  that  its  nature  was  at 
length  fenfibly  changed.  I  elixated  with  marine 
add,  and,  by  means  of  vegetable  alkali,  precis 
pitafed  a  portion  of  earth  fimitar  to  that  obtain* 
ed  in  the  former  operation ;  but  the  infoluble 
refiduum  flill  floated  on  microcofmic  fait  and 
borax  in  fnfion,  as  related  in  §  11.  A  very  fmall 
portion  of  it  entered  the  mineral  alkali  with  ef- 

H  4  fervefcence, 
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fervefcence,  but  was  no  further  difTolved ;  be* 
fides,  the  quantity  was  too  fmall  to  be  fubje&ed 
to  further  experiment. 

(f)  Thefe  experiments,  although  they  fliev 
that  the  analyfis  of  the  diamond  is  diffici^t^  Ihew 
alfo  that  it  is  not  impoflible.  That  ther^  is  pre- 
fent  a  portion  of  filiceous  earth,  but  very  clolely 
united  to  the  other  principles,  feems  to  be  indi- 
cated by  the  flow  aftion  of  the  alkali.  The  pre- 
cipitates fliew  that  there  is  an  earth  foluble  in 
acids,  the  nature  of  which  remains  to  be  difco* 
vered  by  employing  a  larger  quantity.  The  de- 
flagration, the  foot,  and  the  black  pellicles,  fliew 
the  prefence  of  an  inflammable  matter,  unlefs 
we  rather  fuppofe  them  owing  to  heterogeneous 
matters  adhering  to  the  powder  for  fale. 

(g)  As  the  microcofmic  fait  feems  to  diflblvc 
fomewhat  of  the  diamond  by  long  fufion  upon 
charcoal,  I  put  feveral  globules  much  loaded 
with  it  into  diftilled  water,  hoping  that,  if  it  con- 
tained any,  this,  united  with  the  phofphoric  acid, 
would  be  diflTolved  in  the  water,  and  might  then 
be  feparated  by  fixed  alkali :  Nor  was  1  entirely 
difappointed  ;  the  globules  fell  to  pieces,  thein- 
foluble  part  of  the  powder  fell  to  the  bottom, 
the  refl:  was  diflblved  by  the  water,  and  again 
feparated  by  an  alkali,  but  it  fell  very  fparingly 
and  flowly. 

Thefe  circumftances  will  perhaps  give  fome 
light  to  thofe  who  are  in  poflTeflion  of  a  larger 

quantity 
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amtity  of  adamantine  materials,  by  wHich  thej 
y  be  enabled  to  complete  the  analyfis  of  tl^s 
scions  ftone,  which,  on  account  of  its  dear- 
is,  its  hardnefs,  and  fplendour,  is  fo  much  va^ 
d  ;  although,  by  a  gentle  heat,  it  is  totally 
ivertible  into  vapour  in  the  fpace  of  a  few 
ars,  while  the  ruby  and  the  other  gems  fu« 
in  the  fame  operation  without  damage* 
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THE    EARTH    OF    THE 

TURMALIN  STONE, 


§  I. 

THE  elcarical  virtue  of  this  earth  has  been 
the  admiration  of  philofophers  during  the 
whole  of  the  prefent  century ;  and,  many  years 
fmce,  I  attempted  to  reduce  its  peculiar  effcfls 
to  conftant  laws :  But  no  one,  fo  far  as  I  know, 
has  yet  undertaken  the  analyfis  of  thefe  ftones,* 
being  prevented  by  their  fcarcity  and  dearnefs. 
My  illuftrious  friend  Born  removed  this  obfta- 
cle  for  me,  by  fending  me,  in  177?,  a  parcel 
which  was  got  at  Tyrol,  and,  at  the  fame  time, 
requeuing  me  to  inveftigate  their  primary  prin- 
ciples. Some  time  after,  that  accomplilhed  bo- 
tanift  Mr  Thunberg,  demonftrator  in  the  gar- 
den 


OF    THE    EARTH,    &c.         123 

dea  at  Up£d,  on  his  return  from  Java  and  Ja- 
pan, kindly  brought  me  fome  tnrmalina,  which 
he  faimfelf  had  got  in  Cqrlon»  rode,  and  un« 
dianged  by  art.  I  have  therefore  been  fortu- 
nate enough,  through  the  kindnefs  of  thefe  gen« 
tlemen,  to  be  able  to  compare  the  form  and 
compofition  of  thefe  the  rareft  produdion  of  the 
mineral  kingdom,  produced  in  the  moft  diftant 
quarters  of  the  world.  In  this  place  I  fhall  on- 
ly confider  thofe  circumftances  which  illuftrate. 
die  external  forn),  the  interqal  ftnidure,  and 
the  component  parts  ;  deferring  to  another  op- 
portunity the  confideration  of  their  ele&ric  vir- 
tues, udiich  fliall  be  confidered  by  themfelves. 

S  II.  Vifible  J^alities  tftbe  TurmaKn  SMie. 

Heretofore  the  turmalins  were  brought  either 
£rom  Ceylon  or  America,  and  no  one  fo  much 
as  fufpefted  that  fuch  were  to  be  found  in  Eu- 
rope; but  two  years  iince,  that  inde£Ettigable 
ezaminator  of  the  Tyrol  mountains,  Mr  MuUer, 
difcoyered  cryftals  of  this  kind  at  Zillertbal,  £ir 
fuperior,  both  in  beauty  and  magnitude,  to  any 
that  had  been  ever  brought  either  from  Afia  or 
America :  Therefore  we  may  confider  them  as 
feparated  into  three  claffes,  according  to  the 
jd^ces  where  they  are  found ;  and  we  (hall  be- 
gin with  thofe  of  the  new  world,  which  differ 
in  certain  properties  from  the  reft* 

(A) 
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(a)  The  turmalin  of  Brazil  is  frequently 
£3mewhat  heavier  than  the  others,  being,  with 
refpe£t  to  diftilled  water,  from  3,075  to  3,180: 
They  differ  in  colour;  and  I  have  feen  them 
blue,  red,  and  of  a  pellucid  yellow ;  but  general- 
ly they  are  green. 

When  rough  they  are  of  a  columnar  fomii 
more  or  lefs  regular,  but  frequently  are  of  a  tri* 
gonal  form,  confiding  of  nine  (ides,  as  has  been 
already  defcribed  and  delineated.  The  apicei 
are  often  deficient,  and  their  frafture  is  glaffy'; 
but  fometimes,  if  preferved  and  examined,  they 
are  found  low,  and  compofed  of  three  planes,  as 
is  explained  in  the  Tra&  on  the  Formation  of 
Cryflals,  (§  11.  k.  and  tab.  i.  fig.  30. 

The  prifms,  expojed  laterally  to  the  light,  are 
almoft  always  pellucid ;  but,  when  viewed  in  the 
dire&ion  of  the  axis,  a  wonderful  opacity  pre- 
vails, and  that  even  in  the  tranverfe  fedioh,  al- 
though it  be  very  thin.  Whether  this  holds 
with  refped  to  the  thinneft  lamina,,  is  not  yet 
eftablifhed ;  perhaps  this,  like  the  Ibllowmg, 
when  fufficiently  diminifhed  in  thickhefs,  will 
tranfmit  the  rays  of  light. 

They  yield  in  hardnefs  to  the  quartz,  and 
even  to  the  other  turmalins ;  yet  they  cut  glafs, 
and  ftrike  fire  (though  not  eafilyj  with  fteel. 

(b)  The  turmalin  of  Ceylon  varies  a  little  in 
fpecific  gravity,  between  3,0^2  and  3,295 ;  thefe 
feldom  come  to  Europe  unwrought :  I  was  there- 
fore 
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fere  much  pleafed  to  get  tfaofe  which  I  mention- 
ed. The  columns  of  three  of  them  were  whole, 
ibout  diree  lines  in  length,  and  two  in  breadth. 
Three  of  the  fides  are  broad,  feparated  by  a  pair 
very  narrow,  fo  that,  at  firft,  they  appear  trigo- 
nal ;  two  of  thefe  prifms  have  apices,  the  folid 
angles  of  which  are  very  obtufe,  and  formed  of 
three  irrq;olar  pentagons.  All  thefe  circum« 
fiances  agree  perfedly  with  what  has  been  laid 
in  A,  of  the  turmalin  of  Brazil,  and  are  made 
abundantly  evident  by  tab.  i.  fig.  3. ;  but  the 
prifins  are  found  furrowed  longitudinally,  a  dr- 
cumftance  which  plainly  points  out,  that  other 
^nculs  had  cryftallized  at  the  Cune  time,  and 
in  contad  with  them.  Marks  of  this  kind  fre- 
quently appear  upon  the  fur&ce  of  cryflals ; 
and  the  longitudinal  furrows  above  mentioned 
are  very  common,  particularly  in  the  fchoerls 
and  turmalins  of  Brazil. 

The  colour  of  the  cryflals  is  brown,  and  not 
onfrequemly  almoft  black,  but  fometimes  more 
dilute ;  always,  however,  more  or  lefs  inclined 
to  yellow,  which  may  be  more  eafily  obferved 
by  placing  the  column  tranfverfely  between  a 
fhrong  light  and  the  eye.  A  tranfverfe  fedion, 
half  a  line  in  thicknefs,  fUU  appears  opake  when 
ezpofed  to  the  day-light,  although  the  flame  of 
a  candle  renders  it  femi-tranfparent  and  brown ; 
but  when  made  tlunner,  fo  far  as  -^^^  of  a  line, 
it  becomes  pervious  to  the  day-light. 

I 
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I  have  alfo  got  fhapelefs  pieces  of  nearly  ibi 
bulk  of  a  walnut^  their  fubtile  parts  fpathadeouij 
blacky  and  opake :  In  thefe  the  eledrical  pover 
lis  much  weaker. 

They  nearly  agree  in  hardnefs  with  quart& 

The  eledrical  property  of  thefe  ftones  feems 
to  be  unknown  in  Ceylon ;  and  although,  be* 
yond  doubt,  the  name  turmalin  is  a  word  of  die 
Ceylon  kmguage,  yet,  under  the  fame  name,  Dr 
Thunberg  got  ftones  of  various  colours,  and  va* 
rious  genera,  of  which,  among  eight  varieties, 
not  one  acquired  the  eledric  quality  by  heat,  al- 
though I  frequently  made  the  experiment.  Dr 
Thunberg  alfo'  informed  me,  that,  in  the  genu- 
ine language  of  the  country,  the  word  (ignites 
black  cryftals ;  that  they  are  little  efteemed,  and 
are  pounded  and  formed  into  globules,  to  ferve 
the  purpofe  of  buttons. 

(c)  The  turmalin  of  Tyrol  has  been  io  ex- 
a£Uy  defcribed  by  the  learned  difcoverer,  with 
refpeA  to  external  appearance,  that  nothing  can 
be  added ;  but,  for  the  fake  of  comparifon,  it 
will  be  proper  to  repeat  the  principal  circum* 
(lances. 

The  fpecific  gravity  is  3,050,  that  is,  lefs  than 
any  of  the  preceding. 

The  cryftals  are  fometimes  three  inches  in 
length,  and  exceed  five  lines  in  diameter,  partly 
loofely  difperfed  among,  partly  firmly  united  to, 
a  fteatite,  mixed  with  particles  of  mica,  not  un- 
like 
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^  the  oUa  Jetlaadicsu  What  die  matrix  of 
die  other  tunnalins  may  be,  is  yet  unknown ; 
Utt  that  of  the  Tyrol  turmaUn  forms  either  veins 
%r  nuclei  in  fp-anite. 

The  figure  is  prilmatic,  confiding  of  nine 
fides,  fbmetimes  termmated  by  three  pentagons, 
lice  diat  of  Ceylon ;  but,  in  general,  the  apices 
ire  wanting.  Sometimes,  however,  though  very 
Ccidom,  the  pyramids  are  found  very  much  acu- 
Biiiiated^  with  nine  fides  :  Therefore,  in  gene« 
ral,  afl  the  known  tunnalins  agree  in  form; 
^nt^  (b  £ir  as  I  know,  the  comj^e  fchoerl  form 
[tab.L  %•  !•)  has  not  yet  been  feen  among 
(hem  by  any  one  ;  a  form  which,  even  among 
the  Ichoerls  themfelves,  is  extremely  rare. 

Such  of  the  Tyrol  cryftals  as  I  have  examined 
ire  without  the  longitudinal  fulci }  but  the  fur- 
face,  when  accurately  examined,  (hews  a  flight 
afperity,  owing  perhaps  to  the  fpicular  form«of 
the  furrounding  matrix  ;  but  the  tranfverfe 
chinks,  generally  obfcure,  are  found  in  thefe 
and  the  preceding,  as  well  as  in  the  fcboerls. 

The  colour  occafioned  by  reflex  light  is  footy, 
or  of  a  brownifli  black,  but  that  by  refracted 
t^fat  of  an  obfcure  yellow ;  a  thin  tranfverfe  fec- 
tion  appears  opake  ;  but,  when  the  thickneis  is 
tufliciently  diminiiked,  it  at  length  tranfmits 
^een  rays,  as  the  celebrated  Muller  firft  ob*- 
ferved,  and  as  !  have  myfelf  feen,  the  account 
Is  true.    The  Ceylon  and  Tyrol  turmalin,  there- 

fore. 
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fore»  agree  in  this,  that,  by  extreme  tenuitj,  a 
paflage  is  made  for  jthe  light ;  but  they  differ 
with  refpe£l:  to  the  rays,  which  are  tranimitted. 
(d)  Many  years  fince,  I  obferved  that  a  vaii^ 
ety  of  the  fchoerl,  black,  opake,  of  a  complete 
figure,  which  came  from  Umaean  Lapland,  by  a 
due  degree  of  heat  acquired  eleSrical  properties. 
Upon  multiplying  experiments,  I  found  the  fiune 
thing  to  take  place  in  feveral  fchoerls  of  Sweden, 
both  nonagonal  and  fpicular,  of  very  irreguhr 
forms :  Thefe  were  all  totally  opake ;  and  here« 
tofore  1  have  not  obferved  that   property  tD 
take  place  in  any  that  was  pellucid^     Howtfak 
eledricity  may  be  excited,  and  its  nature  ez» 
plored,  I  defer  to  another  place,  where  this  mat- . 
ter  ihall  be  exprefsly  confidered. 

S  III.  Habits  of  the  Tutmalin  expofed  to  ihi  Blmxh ' 
pipe. 

(a)  a  fmall  piece,  the  (ize  of  a  grain  of  muf* 
tard,  expofed  upon  charcoal  to  the  apex  of  the 
flame,  quickly  grows  red,  and  that  without  any 
decrepitation  or  other  vifible  change;  but, -if 
the  adion  of  the  flame  is  continued  for  feme 
minutes,  it  foon  grows  white,  foams  almdl  like 
borax,  and,  upon  continuing  the  fire,  is  redo- 
ced  to  a  globule  ;  a  larger  piece  fufes  with  dif- 
ficulty, but  yields  an  inflated  fpongy  white 
fcoria. 

This 
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This  is  the  cafe  with  the  turmalin  of  Tyrol 
id  Ceylon  when  dyftallized ;  but  the  black 
id  fliapelefs  pieces  fwell  but  little ;  and  the 
laiks  of  fcorification  which  appear  on  the  fur- 
ice  are  brown,  not  white :  That  of  Brazil  can- 
lOt  be  formed  into  a  globule,  but  exhibits  a 
wftukms  fcoria. 

(b)  The  microcofmic  ialt^  filled  upon  the 
darcoal^  attacks  a  fmall  quantity  of  turmalin 
vidi  a  flight  effervefcence,  which  is  yet  foon  at 
u  esd ;  and  there  remains  a  finall  corpufcule, 
almoft  tranfparent,  and  therefore  fcarce  percep- 
dble,  until  after  the  globule  grows  cold.  This 
refiduum  is  diflblved  with  great  difficulty,  but 
die  left  of  the  vitreous  mafs  furrounding  it  is 
found  dear  and  tranfparenc,  which  grows  green 
OQ  a  farther  addition  while  hot,  and  milky  on 
coolmg,  chiefly  occafioned  by  the  undiflbWed 
particles.  All  the  varieties  in  this  refped  are 
^  lame,  except  that  the  black  and  opake  oc- 
tafioa  a  brown  colour. 

(c)  Borax  takes  up  the  turmalin  almofl  in 
^  fame  way,  but  generates  beat  more  diftind- 
ly,  and  diflblves  the  ftone  more  powerfully ;  fo 
^  k  hardly  contraAs  a  perfeft  opacity,  except 
^  black  turmalin,  which,  added  in  fmall  quan* 
tity,  changes  the  tranfparency  to  a  yellow  brown, 
iHit,  in  larger  quantity,  to  a  black  opacity. 

(n)  Mineral  alkali  takes  up  the  turmalin  in 

^ifion  with  effervefcence,  but  a  lefs  confpicuous 

Vol.  II.  I  one 
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one  than  that  excited  by  quartz :  WheA  ai  fmall 
portion  of  the  ftone  is  added,  it  is  broken  ddvn 
into  a  powder,  but  is  imperfedly  diflbived.  The 
black  opake  turmalin  makes  the  globule  brova. 
(e)  The  turmalin  approaches  next  to  the 
fchoerl  in  the  habit  jufl;  defcribed ;  the  latter  i^ 
however,  more  completely  diiToWed^  aodlridi 
more  evident  ebullition,  by  the  microcofinic 
fait,  and  alfo  effervefces  more  rehemently  irith 
mineral  alkali. 

5  IV.   Habitudes  of  the  Turmalin  with  Adds* 

(a)  Three  times  the  weight  of  concentnKed 
vitriolic  acid,  poured  on  loo  lb.  of  fubtile  pov- 
der  of  turmaiin,  feparated  by  elntriation,  and 
expofed  to  diftillation  in  a  fmall  retort,  imtil  die 
bottom  of  the  glafs  grows  red  hot,  yields  a  re- 
fiduum,  which  being  boiled  in  diftilled  water, 
collected,  dried,  and  weighed,  is  found  to  hate 
lofl:  about  i6  lb.  The  three  known  varieties 
are,  in  this  refped:,  fcarce  found  to  differ  a 
pound  or  two. 

The  water  which  has  extraded  the  fohible 
part,  with  a  lixivium  of  burned  blood,  yields 
Pruffian  blue ;  and  the  iron  being  thns  prec^ 
tated,  on  addition  of  fixed  alkali,  a  white  powder 
is  thrown  down,  which,  with  vitriolic  add, 
forms  gypfum,  which  may  again  be  decompoSBd 

by 
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by  acid  of  fugan  The  acid  has  therefore  beea 
Only  loaded  with  iron  and  lime. 

The  acid  colleded  in  the  received  is  fotlnd  to 
be  purely  vitriolic. 

Th^eiizated  refiduum,  examined  by  the  blow- 
^p^  fwells  and  fhews  almofl:  the  famt  habits  ai 
tbe  cr^e  turoaaliu. 

(9}  The  nitrous  ;uid  marine  acids  alfd  estra^ 
iron  and  lime ;  but,  in  other  refpeds,  have  no 
greater  efied  than  the  vitriolic ;  for  the  refiduum 
ftill  remains  compound :  The  furface,  therefore^ 
is  not  fufficiently  increafed  by  the  mechanical 
pulverization,  fo  that  the  menftrua  nlay  be  able 
to  leparate  the  component  parts  2  However,  the 
method  which  I  followed  iii  decompofing  the 
gems  fucceeds  in  this  cafe  extremely  well. 

5  V,   Proximate  Principles  rf  TutmalifU 

(a)  I  treated  a  very  fiibtile  powder  of  turma- 
lin  in  the  fame  manner  as  the  gems^  with  this 
difference,  that  I  employed  an  equal  quantity  of 
mineral  alkali,  fpontaneouily  calcined,  and  kept 
the  mafs  ignited  only  for  an  hour  and  a  half. 

(b)  Upon  cooling,  the  mixture  is  found  col- 
liquated,  its  furface  convex,  tuberculated,  of  th^ 
colour  of  wax,  but  internally  fpongy,  and  of  a 
green  colour,  which  is  of  a  deepeir  hue  as  it 
apprcaches  the  bottom,  to  which  it  adheres. 
The  ma&f  wben  fufficiently  loofene^^  it  covered 

I  t  at 
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at  the  bottom  with  a  black  crufl:,  which  is  care- 
fully feparated  and  weighed. 

(c)  The  reft  of  the  procefs  was  condufted  as 
defcribed  on  the  Earth  of  Gems,  f  and  n  ;  k 
would  therefore  be  fuperfiuous  to  defcribe  it 
again.  Thefe  operations  yielded  the  following 
conclufions  concerning  the  quality  and  propor* 
tions  of  the  conftituent  parts  in  an  aflay  hon* 
dred,  viz. 

The  turmalin  of  Tyrol. 

Argillaceous  earth  .             .            4^ 

Siliceous  earth        -  -          -         40 

Calcareous  earth  -        -         -        u 

Ironf            •        -  -         -               6 

Turmalin  of  Ceylon. 

Argillaceous  earth            •          -  39 

Siliceous  earth            -         •        •  37 

Calcareous  earth            -        •         -  15 

Iron            •        .            .             .  9 

Turmalin  of  Brazil. 

Argillaceous  earth        -             -  50 

Siliceous  earth         ...  34 

Calcareous  earth        -            -  -      - 11 

Iron            •        -            •        •  •       S 

(d)  By  argillaceous  and  filiceous  earths,  I 
here  underftand  thofe  earths  freed  from  all  he- 
terogeneous 
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terogeneous  matter ;  but  the  calcareous  earth 
appears  to  be  nearly  faturated  with  aerial  acid, 
as  otherwife  a  greater  defedt  is  obferved  than 
can  be  fuppofed  in  an  accurate  operation.  That 
BO  effervefcence  takes  place  with  acids  is  eafily 
accounted  for,  when  w^  confider  that  only  a  very 
minute  portion  of  calcareous  earth  adheres  fo 
▼ery  clofely  to  the  other  conftituent  parts,  that 
it  has  fufficient  hardnefs  to  (Irike  fire  with  fteel : 
The  iron  is  dephlogiflicated,  and  the  crude  tur-^ 
malin  does  not  fliew  the.leafl  fign  of  detonation 
inth  nitre. 

As  to  the  proportions  of  the  conftituent  prin-> 
dples,  I  have  fet  down  fuch  as  experiments  fug- 
gefted ;  but  it  is  necelfary  to  take  the  medium 
of  a  number  of  experimCQts,  as  nature  does  not 
obierve  fo  exa£t  a  proportion  in  the  admixture 
of  the  principles  of  bodjies,  but  that  fometimes 
there  may  be  fome  hundredths  too  much  or  too 
little ;  befides,  a  feries  of  operations  (notwith- 
ftanding  the  greateft  pofEble  accuracy)  will  fome- 
times add  a  little  weight,  or  fometimi^s  diminifh, 
which  is  particularly  fenfible  when  very  fmall 
quantities  are  ufed.  Thus,  in  the  prefent  in- 
ftance,  I  have  not  yet  been  able  to  fubje£t  to  ex- 
periment more  than  ^  few  aflay  pounds.  In 
thefe  experiments  I  conftantly  found  the  fame 
ingredients,  but  the  proportion  of  them  requi- 
ted fome  corredioiu  The  difference  of  habits 
difcovered  by  the  blow-pipe  manifefted  fome  dxf- 
I  3  ference 
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ference  between  the  Tyrol  aiid  Ceylon  tunsf^ 
Un ;  but  whether  the  above  proportions  he  » 
ad)  remains  further  to  be  examined^ 

(f)  That  water  enters  the  compofitipD)  mq 
be  gathered  from  their  undergoing  the  ftoic 
(Ebullition  in  fufion  as  the  zeolith  does,  vhid 
certainly  contains  watef ;  but  the  quantity  of 
xnatter  to  be  examined,  only  permitted  me  to 
make  one  trial  with  this  view.  I  kept  loolb. 
of  Tyrol  turmalin,  grofsly  powdered^  for  half  ii| 
hour,  in  an  obfcure  red  heat ;  but,  upon  cool- 
ing, found  no  difference  in  weight ;  nor  did  I 
ezpe£t  any,  as  a  white  heat  is  neceflary  to  fu- 
fion :  I  therefore  increafed  the  fire  to  a  fuffidctt 
degree ;  but  the  fragments  of  turmalin  were  ^• 
glutinated  to  the  crucible,  nay,  had  entered  i&tq 
^  fort  of  union  with  it ;  I  therefore  made  thd  ex- 
periment in  another,  which  was  tedioug  and 
troublefome.  I  took  2$  afiay  pounds  of  frag* 
itients  of  turmalin,  each  of  which  I  feparatelj 
reduced  to  white  fcorias  by  the  blow-pipe ;  but 
I  did  not  find  that  the  weight  was  fenfibly  dimi- 
niflied  ;  a  proof  that  there  is  either  no  water  tt 
all,  or  only  a  very  fmall  quantity. 

§  VI.   The  Place  belonging  to  the  Turwfin  m  ^ 
Sxfiern  of  Miner  (^gy. 

Being  acquainted  with  the  nature  and  pto- 
Dortion  of  the  earthy  principles  which  enter  in- 
to 
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to  the  compofition  of  the  turmalin^  we  cannot 
lieGtate  to  place  it  among  the  argillaceous  fpe« 
deSy  fince  the  chief  part  of  it  is  conftituted  by 
this  earthy  which,  even  when  it  is  prefent  in 
finaller  proportion,  communicates  its  peculiar 
properties  to  the  whole  mafs. 

In  the  gems  we  find  the  fame  principles,  and 
day  in  greater  proportion  than  any  other  earth. 
The  turmalin  can  fcarce  be  referred  to  this  clafs, 
beczuk  its  ftrudure  is  fo  much  loofer. 

The  phenomena  it  exhibits,  when  treated 
vith  the  blow-pipe,  approach  nearly  to  thofe  of 
zeolith ;  but  of  this  filiceous  earth  confUtutes 
the  principal  part ;  and  the  conftituent  princi- 
ples cohere  fo  weakly,  that  adds  are  capable  of 
eztra&ing  them  without  any  previous  treatment 
irith  fixed  alkali,  and  the  heat  of  diftillation  of 
expelling  moft  of  the  water.  It  is  more  clofely 
allied  to  fchoerl ;  for  the  turmalin  not  only  re- 
[embles  this  in  the  form  of  its  cryftals,  and  the 
pfasenomena  it  prefents,  both  with  heat  and  fol- 
rents,  but  alfo  fometimes  in  being  eledrical,  a 
property  which  (hall  be  particularly  examined 
in  the  fequel ;  it,  however,  differs  in  containing 
oiore  filiceous  earth,  and  fome  other  circum^ 
(lances  before  noticed,  r§  lu.  £.)• 

I  4  DISSER. 


DISSERTATION   XVII. 


O    F 


THE   FULMINATING 

CALX    OF    GOLD. 


§  I.    Hijlorical  Introdu^ion. 

ALTHOUGH  the  wonderful  fulminating 
property  of  gold  was  known  at  leaft  in 
the  15th  century,  it  has  not  yet  been  examined 
by  philofophers  fo  as  to  determine  with  certain- 
ty the  caufe  of  the  prodigious  noife  and  ftupen- 
dous  explofive  force ;  yet  in  this  explofion  there 
occur  phenomena  highly  worthy  of  attention ; 
phasnomena  which  not  only  indicate  very  Angu- 
lar properties,  but  are  of  fuch  a  kind,  that  the 
caufes  of  them,  well  underftood,  muft  certainly 
throw  great  light  upon  the  theory  of  chemiftry. 

The 
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The  following  experiments,  which  are  partly 
new,  and  partly  fuch  as  have  been  defcribed  by 
others,  but  carefully  revifed  and  corre&ed,  will, 
I  hope,  tend  to  illuftrate  the  fubjed.  But,  be- 
fore we  enter  upon  them,  it  will  be  proper  brief- 
ly to  relate  the  attempts  of  others,  who  have 
made  this  bufinefs  their  particular  ftudy. 

Whether  or  not  the  ancient  alchemifts  were 
acquainted  with  the  fulminating  property  of 
gold,  we  are  ignorant,  their  arcana  being  in- 
volved in  an  enigmatic  and  obfcure  ftile.  Bafil 
Valentine  is  perhaps  the  firfl;  who  has  clearly 
defcribed  the  method  of  communicating  this  pro- 
perty to  gold :  He  direds  the  metal  to  be  dif- 
folved  in  aqua  regia  made  with  fal  ammoniac, 
and  then  precipitated  by  vegetable  alkali,  to  be 
twelve  times  wafhed  with  water,  and  finally  dried 
in  the  open  air,  where  the  fun's  rays  cannot  reach 
the  powder  :  He  forbids  it  to  be  dried  over  a 
fire,  as  it  explodes  with  a  gentle  heat,  and  flies 
of  with  inconceivable  violence ;  but  he  has  not 
diftinguifhed  this  calx  by  any  peculiar  name. 

Many  chemifts  afterwards  performed  this  ope- 
radon;  but  here  and  there  we  obferve  fome  fmall 
difference.  O,  Crollius  calls  it  aurum  volatile^ 
and  is  fcarce  willing  to  have  it  dried,  even 
though  carefully,  and  in  balneo  maris  \  but,  a- 
bove  all,  forbids  the  ftirring  it  with  an  iron 
fpatula.  J.  Beguin  added  the  epithet  fulmina- 
.%,  which  has  been  fince  generally  adopted, 

although 
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although  we  fometimes  meet  with  the  terms 
fckpetam  and  ceraunocbryfon. 

The  neceflity  of  employing  volatile  alkali  in 
this  operation,  was  but  little  regarded  until  the 
prefent  century ;  for  Hellot  tells  us,  from  Gro&i 
that  gold  diflblved  in  a  mixture  of  nitrous  and 
marine  acid,  fulminates  better  when  the  volatile 
is  ufed,  than  when  the  vegetable  fixed  alkali  is 
employed ;  but  that,  if  the  menftruum  be  made 
with  fal  ammoniac,  the  latter  precipitate  is  bed 
Zwelf  calls  the  gold  precipitated  by  fixed  alkali, 
without  the  fulminating  property,  aurum  mu* 
turn*  EttmuUer  and  Hoffman  found  that  pre- 
cipitated by  volatile  alkali  always  fulminatmg. 

Becher  found  the  fulminating  powder,  when 
well  wafhed,  heavier  than  the  gold  employed 
by  \ }  Lemery  by  \ ;  and  Jungken  by  y.  It  is 
doubtful  whether  Barner  ever  made  the  experi- 
ment, as  he  affirms,  that,  in  order  to  produce 
the  beft  effe£l,  it  fhould  not  be  wafhed  with 
water,  (compare  §  x.).  Many  alfo,  after  himi 
have  thought,  that,  by  boiling  in  water,  thefiiK 
minating  property  is  deftroyed,  or  at  leafl  di- 
minifhed :  The  celebrated  Beaumd  was  the  firft 
who  detected  that  error. 

That  water  loaded  with  fixed  alkali,  when 
boiling,  takes  away  all  the  explofive  power,  is 
aflerted^  if  I  miftake  not,  by  all  the  modems, 
following  the  author  of  Homer's  Golden  Chain. 
Kunckel  found  this  property  deftroyed  by  vitri- 
olic 
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die  acid.  Rolfincius  and  others  contend  that 
marine  acid  has  the  fame  effed }  and  Mr  Spiel* 
man  extends  that  faculty  to  all  the  acids,  even 
to  yinegar ;  yet  Caffius  relates,  that  aurum  fill- 
^ninans  exploded  moil  violently  when  marine 
acid  dulcified  was  diftilling  from  it.  BalU  Va- 
lentine attempted,  not  without  fuccels,  to  fub« 
4ne  the  fulminating  property  by  means  f{  ful* 
phun 

A  fingle  fcruple  of  aurum  fulminans  explodes^ 
as  OroUius  afferts,  with  more  force  than  half  a 
pound  of  gun«powder,  and  propagates  its  a^on 
downwards  j  yet  H.  F.  Teykmeyer  frequently 
fliewed  in  his  ledures,  that  it  would  throw  a 
florin  upwards  above  fix  ells ;  and  the  fame  ef* 
feft  had  been  obferyed  by  many  others  before 
him. 

A  great  number  of  experimems  were  made 
before  the  Royal  Society  at  London,  in  order  to 
determine  the  comparative  forces  of  thefe  two 
powders.  Equal  parts  of  gun-powder  and  of 
aurum  fulminans  were  included  in  iron  globes, 
which  were  placed  among  burning  coals ;  thofe 
which  contained  the  former  were  burft  with 
nolence,  while  the  other  remained  perfedly 
filent.  But,  if  the  globe  containing  the  gun- 
powder did  not  exceed  the  bignefs  of  a  pea,  the 
globe  remained  unhurt,  although  the  contents 
nad  been  inflamed. 

lilany 
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Many  unfortunate  accidents,  however,  fhcw 
that  the  greateft  caution  is  neceflary  in  handling' 
aurum  fulminans.  Orfchal  relates,  that  diis 
powder,  ground  in  a  jafper  mortar,  had  by  its 
explofion  burft  the  mortar  into  a  thnpfawt 
pieces.  The  celebrated  Dr  Lewis  gives  an  in« 
fiance  of  the  fame  in  England ;  nay,  Dr  Birch 
tells  us,  that,  by  an  explofion  of  this  kind,  doors 
and  windows,  had  been  violently  torn  to  pieces : 
But  Dr  Macquer  gives  a  very  melancholy  de- 
tail of  a  misfortune  which  happened  ia  his  own 
prefence.  A  perfon  of  22  had  put  fome  aurum 
fulminans  into  a  phial,  but  unfortunately  did 
not  obferve  that  a  few  particles  adhered  to  the 
neck.  Upon  (hutting  it,  therefore,  as  is  ufoal, 
by  twilling  the  glafs  ftopper,  the  few  particles 
exploded  with  fuch  force  as  to  throw  the  young 
man  among  the  furnaces  of  the  laboratory,  with 
the  lofs  of  both  his  eyes,  occafioned  by  the 
fplinters  of  the  glafs. 

The  fentiments  of  chemifts  concerning  the 
caufe  of  the  fiilraination,  differ  very  much.  The 
opinions  of  thofe  who  fpeak  in  words  fo  obfcure, 
that  it  is  fcarce  poflible  to  reduce  them  to  fenfe, 
we  fliall  omit  j  the  reft  may  be  divided  into  four 
claifes,  fome  afcribing  it  to  an  aerial,  fome  to  a 
ialine,  fome  to  a  fulphureous  principle;  and, 
finally,  there  are  others  who  fuppofe  it  to  de- 
pend upon  feveral  of  thefe  united. 

F. 
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F.  Hofiman  attributes  it  to  humidity  and  an 
Mladic  vapour  dilated  by  heat ;  but  the  celebra- 
(^  Dr  Black  affirms  it  to  be  owing  to  fixed  air 
Copioufly  and  fuddenly  fet  at  liberty.  A.  Peter- 
man  aflerts  this  power  to  depend  upon  the  union 
of  the  folar  principles  with  nitre ;  but  others, 
and  indeed  the  molt  of  the  modems,  fubftitute 
a  fpecies  of  nitre  totally  volatile,  which  is  com- 
monly called  mtrum  fiammans.  Caffius  fpeaks 
of  fulphureous  particles  of  gold  which  are  dif- 
charged  frofn  the  bond  of  falts,  as  being  fub- 
ftances  of  an  oppofite  nature,  by  means  gf  the 
fire ;  and,  upon  getting  loofe^  give  as  violent  a 
concaifion  to  the  ait,  as  fulphur  and  nitre  in 
common  gun-powder ;  but,  very  lately,  M. 
Beaiune  propofes  as  the  caufe,  a  nitrous  fulphur 
deflagrating  violently ;  and  fupports  this  opinion 
with  many  fpecious  arguments.  Notwithitand- 
ing  all  thefe  explanations,  many  philofophers 
are  ftill  of  opinion,  that  the  phaenomenon  is  not 
yet  accounted  for ;  fuch  are  Boerhaave,  Mac- 
quer,  Spielman,  and  others. 

If  in  our  days  a  certain  fragor  vibergenfis 
were  neceffary,  a  very  violent  one  might  be  beft 
obtained  by  means  of  this  calx  of  gold ;  for  no 
fubftance  hitherto  known  explodes  with  a  louder 
noife.  Dr  Lewis  compares  the  report  occafion- 
ed  by  gun-powder  to  the  found  of  a  long  and 
lax  cord ;  and  that  of  aurum  fulminans,  to  thac 
of  a  ihort  and  tenfe  one.  But  in  mines  it  can- 
not 
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not  be  fubftituted  for  gun*powder,  as,  ^beo  it 
i$  clofe  ihut  up,  it  is  reduced  without  nolfe  or 
violence,  as  we  have  feen  before ;  befides,  this 
powder  mud  be  fired  by  heat,  and  not  by  fparks« 
I'he  celebrated  Stahl  fays,  that  aurum  fukoi* 
nans,  treated  with  fulphur,  as  hereafter  ddoi^ 
bed,  is  nfed  as  a  pigment  by  goidfmitbs  aad 
enamdkrs.    Doffie  mentcoiis  this  as  a  valuable 

Formeriy,  three  or  four  grains  of  this  ^wd^ 
were  given  as  a  diaphoretic  of  extraordinary 
power,  as  we  are  told  by  Crollius  and  Be^uia» 
Rolfincius  relates  an  example  of  its  cathartic 
virtue.  His  words  are  thefe:  Blujlris  r^ff$$ 
Suecicae  mlitiae  generalis  Pn^nnerius  (doubdcfr  \ 
Banner)  g^avijimo  colico  dpipre  i^fj^tHs^  cljJUfh 
bus  aliquot  qficfum  non  facipntibus^  habuit  tnetim^ 
commota  alvo^  ajfumptis  auri  /ulmmantis  grams  6 
in  cocbleari  plena  wni  Malvatici. 

%  II.   Preparation  of  Aurum  Fulnunans. 

This  powder  may  be  prepared  in  two  different 
ways  ;  for  either  the  gold  is  diffolved  in  a  men* 
ftruum  compofed  of  nitrous  acid  and  fal  ammo« 
niac,  and  the  fblution  precipitated  by  a  fixed  al- 
kali, or  the  folution  is  performed  by  aqua  rq;is 
made  without  fal  ammoniac,  (whicfa  toay  be 
done  in  various  ways),  and  the  precipitation  e£- 
fe£ted  by  volatile  alkaii«    Aqua  regis  without 

iai 
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(al  ammoniac  may  be  prepared  by  mere  ihizture 
of  shrous  and  marine  acid,  or  by  nitre  diffoltred 
in  marine  acid ;  or,  finally,  by  fea-falt  diliblTed 
in  nitrous  acid.  It  is  obviotis,  that,  inftead  of 
nitre  or  fea-falt,  other  falts  containing  thefe  acids 
may  be  employed.  Menjlnatm  Jine  Jtnpitu  was 
a  name  formerly  given  to  a  liquor  confifting  c^ 
a  Uttk  water  with  nitre,  fea*falt,  and  afaim,  in 
whkh  gold-leaf  was  difiblved  by  triture ;  in  this 
cafe,  the  acid  of  the  alum  expels  the  other  acids, 
wludi  tiierefbre,  by  their  miion,  form  common 
iquaregia. 

By  ^atever  method  the  gold  be  difiblved 
ad  precipitated)  (provided  the  volatile  alkali  is 
prefent,  either  in  the  mraftruum  or  the  precipi- 
tant), a  yellow  precipitate  is  obtained,  whidi, 
wixn  well  waihed  in  water,  and  cautioufly  dried, 
is  commonly  called  aurum  fulminans.  The 
weight  of  the  calx,  well  wafhed  and  dried,  ex« 
cceds  that  of  the  gold  employed,  by  about  i. 

The  diflblved  gold  is  more  readily  precipita- 
ted by  volatile  than  by  fixed  alkali. 

%  in*   Properties  rfthe  fulmnatir^  Calx  of  Gold. 

The  phaenomenon  which  has  chiefly  rendered 
this  powder  famous,  and  has  given  occafion  to 
the  name,  is  the  prodigious  noife  occafioned  by 
the  explofion  of  a  few  grains  ezpofed  to  beat  in 
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a  metal  fpoon,  either  over  a  candle,  coals,  or  i 
red  hot  iron  ;  or  by  any  other  means  fuffident* 
ly  heated.  How  this  phsnomenon  takes  place^ 
We  ihall  fee  hereafter. 

(a)  a  degree  of  heat  between  1 20^  and  300', 
the  degrees  at  which  the  nitrous  and  vitriolic 
acids  boily  is  fufficient  for  this  purpofe}  but 
whether  the  folar  rays,  without  concentration^ 
can  produce  the  fame  effed,  as  fome  perfons  a£- 
fert,  I  have  not  yet  been  able  to  determine }  but 
am  inclined  to  doubt  of  their  poflefling  fuch  d& 
ficacy,  unlefs  the  aurum  fulminans  be  extreme- 
ly well  prepared  }  but,  if  the  mafs  be  infpe&ed 
juft  a$  it  is  about  to  explode,  in  the  very  inftanl 
preceding  the  explofion  no  other  c;hange  is  bb- 
ferved  than  its  colour  verging  to  black,  upon 
which  it  inftantly  is  difperfed  with  an  obfcure 
Hafh,  and  a  wonderful  acute  found  :  The  fame 
cffed  is  obferved  whether  the  powder  be  fur^^ 
rounded  by  common  air  or  aerial  acid. 

(b)  By  fimple  triture,  or  percuflion  alone, 
this  powder  is  inflamed,  and  explodes  with  great 
violence,  whence  melancholy  accidents  have 
fometimes  happened  ;  but  every  fort  of  aurum 
fulminans  is  not  fulceptible  of  cxploHon  by 
thefe  means.  By  boiling  in  pure  water,  or 
(which  is  better)  in  an  alkaline  lixivium,  or 
(which  is  belt  of  all)  by  a  due  degree  of  cal- 
cination, it  is  rendered  fo  prone  to  inflamma* 
lion,  that  by  the  elcftric  fpark,  nay  often  by  the 

fmalleft 
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ftnilleft  agiuttion  with  a  piece  of  paper^  it  ex- 
^es.  The  common  aurum  fuiminam  is  alfa 
C]q)loded  by  the  eleftricai  (hock. 

(c)  A  portion,  weighing  from  10  to  la 
gnint  of  aurum  fulminans,  ei^ploded  on  a  me- 
ld plaie,  perforates  and  lacerates  it ;  a  fmaller 
funtity  forms  a  cavity  in  the  plate ;  and  a  (till 
faaller  only  fcratches  the  furface;  an  eflPeft 
ikicb  is  never  produced  by  gun-powder,  though 
h  audi  larger  quantity. 

(d)  a  weight  laid  upon  the  powder  is  thrown 
ifnrds  in  the  moment  of  explofion ;  and,  if  it 

M^  fiWer,  it  is  found  gilded  with  a  yellowilh 
i^  In  the  fame  way  is  marked  the  fupport, 
M  it  be  made  of  filver  or  copper. 

Befides,  a  large  grain,  advanced  near  to  the 
fide  of  the  flame  of  a  candle,  blows  it  out  with 
noldit  noife ;  and  a  few  ounces  exploding  to- 
gedier,  by  incautious  dryings  hasr  been  known 
to  (hatter  the  doors  and  windows  of  the  apart- 
ment :  Hence  it  is  evident,  that  aurum  fulmi- 
oa&t  exerts  its  force  in  all  diredions ;  yet  it 
ti&oot  be  denied,  that  it  flrikes  bodies  with 
^fhkh  it  is  in  contad  more  violently  than  thofe 
Wluch  are  at  a  fmall  diftance,  though  in  its  vi- 
cinity*   Thus,  if  a  fmall  portion  of  it  explodes 
in  a  piper  box,  it  lacerates  only  the  bottom^ 
Imleft  the  top  be  prefled  down  clofe,  in  which 
tafe  it  perforates  both  the  top  and  bottom^ 
Vol..  IL  K  (s) 
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(e)  When  carefully  and  gradually  explodfij 
in  a  glafs  pbial  or  a  paper  box,  it  leaves  a  purple 
foot,   in  which  are  found   many   particles  of 
ihining  gold ;   nay,  if  the  quantity  exploded 
be  large,  feveral  grains  remain  totally  unchtn^ 
ged ;  for  it  is  only  the  ftratum  next  to  the  hear 
which  is  inflamed,  as  may  be  fhewn  by  an  ea^ 
experiment,  namely,  if  the  fulmination  be  per«- 
formed  over  a  large  furface  of  burning  coab; 
for,  in  that  cafe,  a  number  of  decrepitatioii» 
will  be  heard,  occafioned  by  grains  of  the  aurum. 
fulminans  difperfed  in  a  perfcft  ftate  by  the  «- 
plofion  of  the  inferior  ftrata. 

(f)  When  moift,  it  does  not  explode  all  at 
once,  but  each  grain,  in  order,  as  it  becomes 
dry,  decrepitates  in  a  manner  fimilar  to  com- 
mon fait. 

(g)  In  glafs  veflels  clofed,  or  with  their 
mouths  immerfed  in  water  to  prevent  breaking, 
a  moderate  quantity  explodes  indeed,  but  with 
a  very  weak  noife,  fo  as  fcarcely  to  be  percd* 
ved  ;  but,  in  the  moment  of  explofion,  an  cb- 
ftic  fluid  breaks  forth,  which,  when  cool,  occu-' 
pies  about  feven  inches,  if  half  a  drachm  of  the 
powder  has  been  ufed.  This  ah*  extingaiflies 
flame,  deftroys  animal  life,  rejects  pure  water, 
and  does "  not  even  precipitate  that  which  con* 
tains  lime  in  folution. 

(h)  In  metallic  veflTels  of  fufficient  ftKngtb^ 
and  pcrfeftly  clofed,  aurum  fulminans,  expofed 

to 
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iaheat»  is  reduced  filently,  and  without  any 
marks  of  riolence.  If  the  accefs  of  air  ht  only 
pirtially  prevented,  the  metallic  veflels  are  more 
Tioiently  afted  upon  ;  but,  if  they  are  of  fuffi-^ 
dent  ftrength,  and  very  fmall  chinks  afford  vent 
to  the  air,  the  fmoke  indeed  penetrates  through^ 
but  gently,  and  without  burfUng,  as  1  twice  ex- 
perienced in  about  half  a  fcruple  of  this  calx^ 
vidi  which  I  filled  a  brafs  rofe,  and  (lopped  the 
qiertnre  with  a  ftrong  fcrew ;  for,  in  this  cafe^ 
die  vapour  made  its  way  through  the  pores  with 
I  hiffing  noife« 

S  IV.   Means  by  which  the  Fulminating  Property 
may  be  dejlroyed. 

This  may  be  effeded  by  various  methods,  and 
that  even  without  additament, 

(a)  For  inftance,  by  fire  alone,  flowly  and 
caotioufly  increafed.  Let  a  degree  of  heat,  atf 
firft,  be  employed  near  to  that  which  ufually  oc- 
cafions  the  explofion :  Ihis  ir.uft  immediatel/ 
be  flackened  a  little,  and  thus  alternately  be  in- 
creafed  and  diminifhed^  Upon  continuing  thi9 
operation  a  long  time,  the  anruin  fulminant 
gradoally  becomes  capable  of  reftfting  a  fire? 
more  and  more  intenfe,  at  length  grows  of  art 
obfcure  black,  and  lofes  all  its  fulminating  pro- 
percies.  This  experiment  requires  confiderabfe 
pttience  j  for,  unlefs  the  fire  be  fldlfully  regu- 
K  a  lateJ, 
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lated,  and  the  fmalleft  agitation  and  friction  a^ 
voided,  the  powder  explodes  at  once  with  its 
ufual  vehemence,  and  flies  off  in  the  form  of 
vapour. 

.  (b)  This  effed  is  more  commodioufly  obtain** 
ed  by  the  addition  of  a  dry  fubftance  of  vxf 
fort,  provided  it  be  well  pulverized,  and  inti- 
mately mixed  with  the  aurum  fulminans  by  tri^ 
turation,  fo  that  the  particles  of  the  latter  mxf 
be  feparated  as  much  as  poffible ;  for  this  being* 
done,  (which  may  be  eafily  tried  with  fmall  por- 
tions), the  mixture  may  fafely  be  expofed  to  the 
fire. 

Sulphur  has  been  long  ufed  for  this  purpofe 
in  the  following  way.  Let  powder  of  fulphur  be 
mixed  with  an  equal  weight,  or  half  its  weight, 
of  aurum  fulminans,  then  melted  for  a  ihort 
time  with  a  gentle  heat  without  fmoke,  after  this 
with  evaporation,  and,  finally,  burned  with  d^ 
fiagration.  This  is  done  much  more  eafily  bf 
putting  the  mixture  by  degrees  into  a  crucible 
previoufly  fo  heated,  that  the  fulphur  will  flame 
upon  touching  it ;  for,  in  this  cafe,  although  a 
few  grains  decrepitate,  they  are  not  difperfed. 
This  may  be  effeded  with  flill  greater  eafe,  by 
adding  the  aurum  fulminans  gradually  to  the 
fulphur  in  fufion. 

The  falts,  either  alkaline  or  middle,  are  fuf- 
ficient  for  this  purpofe,  and  are  ufed  with  great 

advantage, 
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advantage,  becaufe  they  may  be  afterwards  fe« 
panted  by  ablution. 

This  operation  fucceeds  alfo  with  the  earths, 
nay,  with  concentrated  vitriolic  acid,  and  other 
liqoon,  as  we  fhall  afterwards  fee,  (§  viii.  and 
ix«).  In  a  word,  aurum  fulminans  is  deprived 
of  its  fulminating  property,  if  expofed  to  a  de- 
gree of  heat  fufficient  to  caufe  the  explofion,  if 
at  die  fame  time  the  fulmination  be  prevented 
hf  any  meatis  whatever,  even  by  external  force* 

S  V.  Chief  Opinions  concerning  the  caufe  of  ibe 
\  Explofion. 

Various  explanations  of  this  explofive  pro- 
perty are  to  be  found  among  chemifls ;  fome  of 
which,  being  delivered  in  an  unintelligible  man- 
ncr,  we  may  properly  pafs  over,  and  confider 
die  others  as  diftributed  into  four  clafles  ;  for 
philoibphers  have  thought,  that  this  wonderful 
phamomenon  might  be  attributed  to  a  faline, 
a  fulphureous,  or  an  aerial  principle,  or,  final- 
ly, to  many  of  thefe  jointly ;  yet  fome  there  are, 
who  with  juftice  confider  all  the  explanations 
bitherto  given  as  infuf&cient. 


K  3  S  VI. 
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§  VI.    Different  Opinions  concerning  the  Caufif 
fuppofcd  to  be  f aline. 

Thofe  who  attribute  the  fulmination  to  a  fa^ 
line  principle,  do  not  yet  agree  with  regard  to 
the  fpecies  of  fait.  i 

(a)  Some  confider  the  falited  fixed  aU^li 
(which  is  called  fal  digeftivus)  adhering  to  the 
calx,  and  decrepitating  in  the  heat,  as  the  caufe  I 
pf  thi$  phaenomenon ;  but  tbefe  gentlemen  dp 
not  confider,  that  this  fait  is  neither  prefent  nor 
regenerated,  when  the  gold  diifolved  in  nitrous 
acid,  containing  fal  ammoniac,  or  in  a  mixture 
of  nitrous  and  marine  acids,  is  precipitated  by 
volatile  alkali ;  and,  befidts,  if  the  latter  of  thefe 
folutions  be  precipitated  Dy  fixed  alkali,  the  pre? 
cipitate  is  not  fulminating,  though  the  digeftive 
fait  in  this  cafe  is  prefent. 

(b)  Others  have  recturle  to  common  iiitrc, 
which  is  known  to  uetonate  with  phlogifton : 
But  here  the  fame  difficulties  occur  ;  for  neither 
;s  nitre  always  prefent  in  the  pre]:)i^ration  of  au« 
rum  fulminans,  nor,  when  ic  is  prcli^nt,  is  the 
calx  always  found  fulminating ;  befides,  this  fait 
does  not  detonate  with  the  calx  of  gold,  but,  on 
the  contrary,  (by  the  method  defcribed  §  iv.), 
ferves  to  reduce  it. 

(c)  Tlie  nitre,  called  nitrum  flammans,  feems 
to  be  very  different  in  its  nature.  This  fait 
cpnfifts  of  nitrous  acid  faturatcd  with  volatile 

alkali} 
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alkali ;  and,  from  what  has  been  already  faid» 
the  prefence  of  this  fubilance  in  aurum  fulmi- 
nans  is  obvious ;  befides,  it  poflefles  the  proper- 
ly of  detonating,  without  the  addition  of  phlo- 
gifton ;  and,  befides,  we  are  told  by  authors, 
that  the  vitriolic  acid  and  fixed  alkali  dcftroy 
the  fulminating  property ;  the  former,  becaufe 
it  is  more  powerful  than  the  nitrous  acid,  and 
dbe  ktter,-J)^caufe  it  expels  the  volatile  alkali. 
rfais  opinion,  therefore,  carries  with  it  an  ap- 
pearance of  probability,  and  almoft  all  the  mo- 
dems have  embraced  it.  In  order,  however,  to 
icqaire  a  certain  knowledge  of  this  matter,  if 
poffible,  I  inftituted  a  number  of  experiments, 
the  chief  of  which  I  (hall  now  relate. 

S  VII.   Fixfd  Alkali  does  not  dejiroj  the  Fulmina* 
ling  Property  by  the  Via  Humida. 

The  fixed  alkali  does  indeed  deprive  gold  of 
Its  fulminating  power  by  fire,  as  defcribed  in 
^  IV. ;  but,  in  that  cafe,  it  ads  in  no  other  way 
than  any  other  matter  interpofed  between  the 
particles ;  but  whether  it  afted  in  virtue  of  its 
alkaline  quality,  was  tried  in  another  way. 

(a)  Six  parts  of  alkali  of  tartar  were  there-^ 
fore  well  triturated  in  a  glafs,  with  one  of  the 
;:alx,  and  a  few  drops  of  water.  This  being 
lone,  a  little  more  water  was  poured  on,  and 
ill  the  liquor  evaporated  in  a  digelling  heat. 

During 
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Buring  this  operation^  no  veftige  of  urinpttf 
fmell  could  be  percdved.  The  mixture,  wbe^ 
dried,  and  freed  from  the  faline  parts  by  abte- 
tioa,  not  only  fulminated,  but  "with  a  noife  fir 
greater  than  ufuaL 

(b)  The  fame  experiment  was  made  in  ano* 
tiber  way,  namely,  one  part  of  aurum  fulminani 
was  boiled  for  half  an  hour  in  200  of  caoftk 
lixivium ;  but  its  power  Was  tather  increafed 
than  diminifhed  by  this.  Water  was  added, 
to  prevent  the  lixivium  from  acquiring  too 
great  a  degree  of  heat,  which  would  of  itfidf 
^eftroy  the  fulminating  property,  (§  iv.). 

One  circumftance  1  (hall  remark,  viz.  that  no 
jJifFerence  of  efficacy  was  obferved,  whether  dw 
calx  was  precipitated  from  its  menftruum  quick? 
ly  or  flowly. 

§  vjii.    Whether  Acids  dejlroy  the  Ftflminatm 
Property* 

As  vitriolic  acid  requires  near  thrice  a  great- 
er degree  of  heat  to  make  it  boil  than  pure  wa- 
ter, it  is  no  way  furprifing,  that  boiling  in  this 
acid  (hould  deftroy  the  fulminating  quality,  as 
before  obferved :  But,  in  order  to  determine 
whether  that  was  the  true  and  only  caufe,  the 
acid  was  fo  far  diluted  with  diftilled  water,  that 
it  could  not  fuftain  too  high  a  degree  of  heat, 
and  the  aurum  fulminans  boiled  in  it  for  half 

an 
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jW  hour,  "when;  after  being  wdl  edulcoratedtil 
^rxjrfoded  as  ufual ;  nor  does  it,  when  triturated 
and  digefted  with  the  ftrongeft  vitrioiic  a^id, 
kdc  any  of  its  power,  but  by  boiling  many  par- 
lides,  acquired  the  metallic  fplendour  of  gold* 

(b^  The  marine  and  nitrous  acids,  when  boil* 
JDg  violently,  poffefs  a  greater  degree  of  heat 
dian  boiling  water,  but  inferior  to  that  which. is 
oeccflary  for  fulmination :  Hence  it  happens, 
tli9t  the  latter  of  thefe  fluids  not  only  fails  of 
deftroying  the  fulminating  power ;  but  the  pre- 
cipitate, while  wet  with  this,  decrepitates  in  the 
fame  way  as  if  penetrated  by  water. 

(c)  But  the  marine  acid  diflblves  this  calx 
more  eafily,  and,  upon  evaporation,  almoft  al- 
ways reduces  a  part ;  for  this  menftruum  na- 
turally contains  phlogifton,  which,  by  means  of 
fuperior  attradion,  it  is  obliged  to  yield  to  other 
bodies  :  But  the  folucion  itfelf,  precipiuted  by 
fixed  alkali,  yields  a  calciform  and  fulminating 
gold.  Whatever  is  not  diifolved  by  digeflion, 
ivben  well  edulcorated,  feems  to  have  loft  fcarce- 
ly  any  thing. 

(d)  U|)on  adding  vinegar,  and  diftiUing  to 
drynefs,  the  fulminating  power  is  found  to  be 
d^royed.  This,  however,  is  only  to  be  un« 
ierfiood  of  the  refiduum,  either  not  edulcora* 
ted,  or  reduced  by  means  of  heat. 
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S  lir.  The  Fulminating  Property  may  be  commum^^. 
catedto  Gold^  'ivithout  the  Intervention  of  17r. 
trous  Acid. 

In  order  to  difcover  whether  the  nitrous  ac^l 
be  altogether  neceflary,  and  aifo  how  the  pro- 
tefs  would  fucceed  without  the  marine  acid, 
the  following  experiments  were  undertaken. 

(a)  a  calx  of  gold  (not  fulminating)  boikd 
in  vitriolic  acid  a  little  diluted,  yielded  a  yellov 
folution,  for  the  precipitation  of  which,  a  large 
quantity  of  cauftic  volatile  alkali  was  nece&ry. 
The  precipitate  was  fmall,  but,  after  being  edul- 
corated, fulminated  by  heac. 

(b)  Another  portion,  boiled  in  nitrous  acid 
perfedly  freed  from  marine  acid  by  means  of 
filver,  yielded,  though  not  without  boiling  vio- 
lently, a  red  folution,  of  the  hme  colour  as  that 
of  platina  in  aqua  regia.  This,  upon  the  fimple 
addition  of  water,  let  fall  a  calx,  which^  digeft* 
ed  with  cauflic  volatile  alkali  edulcorated  and 
dried,  exploded  in  the  heat  in  the  fame  way  as 
gold  precipitated  from  the  nitrous  acid  by  cau- 
ftic  violatile  alkali,  when  waihed  and  dried. 

(c)  Of  all  acids,  the  muriatic  beil  diflblves 
the  inert  calx  of  gold ;  even  without  heat,  it 
dilTolves  it  readily.  A  folution  of  this  kind  was 
precipitated  by  volatile  alkali, .as  before;  and 
the  fediment,  when  waihed  and  dried,  fulmina- 
ted as  ufual. 
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5  X.  The  Fulminatton  is  not  effeSed  by  a  Nitrum 
Flammam. 

In  order  the  better  to  underftand  the  detona- 
ting property  of  the  nitrum  flammans,  let  a  por« 
tion  of  it  be  put  into  a  cold  glafs,  then  let  the 
heat  be  raifed  as  quick  as  poffible,  yet  no  deto- 
nation enfues,  but  the  fait  is  refolved  into  x^a* 
pour,  and  flies  off.  Let  the  glafs  be  hot  at  firft, 
and  the  fait  will  liquefy,  but  not  detonate ;  but, 
if  it  fall  upon  an  ignited  glafs,  it  kindles  and 
deflagrates,  with  a  noife  and  a  yellow  flame.  It 
is  in  vain,  therefore,  to  aflign  this  fait  as  the 
caufe  of  the  fulmination.    Befldes, 

(a)  The  found  of  this  detonation  is  not  at  all 
correfpondent  to  that  occafioned  by  fulmina- 
tion ;  but,  let  us  fuppofe  it  to  be  increafed  by 
the  weight  of  the  fuperincumbent  particles  of 
gold,  which  prevent  it  from  breaking  forth, 
mitil  the  tendency  to  explofion,  increafing  more 
and  more,  becomes  at  length  able  to  remove  the 
cbftacle :  But  fimple  detonation,  unimpeded, 
requires  a  heat  equal  to  ignition.  When  im- 
peded, it  fhould  therefore  require  a  greater  de- 
gree. Now  aurum  fulminans  requires  a  much 
fmaller  heat ;  therefore  fome  other  caufe  befldes 
detonation  mufl;  operate  here. 

(b)  The  precipitate  of  gold,  which  does  not 
fulminate,  I  have  endeavoured  to  unite  by  dry 
triture  with  nitrum  flammans ;  but  by  this  me- 
thod 
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thod  could  obtain  nothing  more  than  a  powder 
which  crackled  in  the  heat. 

(c)  As  the  fait  is  fo  ealily  foluble  in  water  tf 
readily  to  attraA  humidity  from  the  atmofphere^ 
I  thought  that  (if  prefent  in  aurum  fulminani} 
it  might  be  feparated  by  boiling.  One  part  of 
it  was  therefore  boiled  with  600  of  diftiiled  vih 
ter  for  a  whole  hour ;  and,  after  the  intenral  of 
a  day,  the  fame  was  boiled  with  600  parts  of 
frefli  water  for  the  fame  length  of  time,  but  in 
vain  ;  for  the  powder  fulminated  with  as  graX 
violence  as  before.  We  may  here  obferve  tbe 
gradual  efficacy  of  water  :  Thus,  if  gold  preci- 
pitated from  the  menftruum  be  not  edulcoratedi 
it  fcarcely  fulminates  at  all ;  if  wafhed  a  little 
with  cold  water  it  explodes  indeed,  but  with  1 
very  obtufe  found,  and  a  diffufed  flafh  ;  but,  if 
it  be  wafhed  with  a  large  quantity  of  water,  or 
with  hot  water,  it  occafions  an  acute  found  and 
an  obfcure  flafli.  The  efficacy  of  the  water, 
when  brought  to  this  degree,  is  neither  increafed 
nor  diminiffied  by  boiling,  as  far  as  the  ear  can 
judge,  which  we  are  obliged  to  truft  to,  fo  long 
as  we  are  deftitute  of  a  more  accurate  meafure. 

No  one  can  wonder  at  the  deftrudion  of  the 
fulminating  quality  in  Papin's  digefter,  upon 
confidering  the  degree  of  heat  which  it  there 
fuftains,  (§  iv,). 

(d)  Gold  diflblved  in  dephlogifticated  marine 
acid,  and  precipitated  by  volatile  alkali,  poflefo 

tbe 


C  A  L  X    O  F    G  O  L  D.  157 

the  fulminating  property,  though  nitrous  acid 
liai  never  touched  it.  If  any  one  imagines  that 
gold  diflblved  in  aqua  regia  can  never  (by  the 

I  kninid  way)  be  perfedly  freed  from  nitrous  a- 
dd,  he  muft  at  leaft  confefs,  that  that  acid  is  al- 
together abficnt  when  dephlogifticated  marine  a- 

;  dd  is  employed  to  diflblve  the  gold.  This  acid 
omtains  a  certain  quantity  of  phlogifton,  which 
k  is  obliged  to  yield  to  manganefe,  and  then  be- 
ones  a  yellow  vapour,  which  diflblves  all  me- 
tals, by  taking  from  them  that  quantity  of  phlo- 
gifton  which  would  otherwife  impede  the  folu- 
tkm ;  and  the  acid  itfelf  is  thus  reftored  to  its 
ntoral  ftate ;  and  the  combinations  thus  formed 
jield  metallic  falts,  containing  a  perfed  marine 
add. 

From  all  this  we  conclude,  that,  even  though 
die  nitrum  flammans  were,  which  it  is  not^  fuf- 
fident  to  explain  the  phenomena,  yet  it  could 
aot  be  admitted  as  the  true  and  efficient  caufe. 

S  XI.   Volatile  Alkali  necejfary  to  the  Fulmination. 

(a)  In  order  to  difcover  what  the  volatile  al- 
^  contributed  to  this  effed,  a  non-fulminating 
PK'ecipitate  veas  digefted  for  fome  hours  in  cau- 

^c  volatile  alkali,  afterwards  edulcorated  and 

^i^ied.    This  fulminated  perfeftly. 

(b)  Left  fome  fufpicion  ihould  remain,  of  a 
^^mna&t  of  the  aqua  regia  adhering  to  the  pre- 

jcipitate. 
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cipitate^  notwithftanding  the  edukioradail^  the 
experiment  was  repeated  ^in  this  way.  After 
digeftion  for  24  hours  in  vitriolic  acid,  the  pre* 
dpitate  was  waflied  in  pure  water,  then  immer^ 
Ced  in  aqueous  and  fpiritous  foluticms  of  alka^ 
li»  both  mild  and  cauftic }  but  the  event  was  the 
&me. 

(c)  An  inert  calx  of  gold,  by  fimple  digeftion 
in  a  fi3lution  of  any  fait  containing  vohtile  aU 
kali,  whether  the  fatarating  acid  be  vitriolic^ 
nitrous,  or  marine,  pofleiTes  the  fulminating  pro- 
perty. The  golden  calx  is  found  increafed  in 
weight  about  0,2  ;  and  the  refidua  of  the  anu 
moniacal  folution  contain  a  fuperabundant  add  s 
Therefore  the  non  fulminating  calx  of  gold  it 
capable  of  abftrading  a  certain  quantity  of  vola« 
tile  alkali  from  the  ammoniacal  falts )  which 
portion  may  again  be  leparated  by  diftiUing  the 
aurum  fulminans  well  walhed  with  vitriolic  a- 
cid ;  for  in  the  neck  of  the  retort  a  vitriohted 
volatile  alkali  is  found  fublimed. 

(d)  Finally,  we  fliould  rccoUeft,  that  gold 
cannot  receive  the  fulminating  property  with- 
out  volatile  alkali,  (§  n.). 

§  XII.    Whether  the  Fulminaiion  be  effe6led  by  j 
Sulphur. 

Moft  of  the  ancient  chemifts,  and  not  a  few 
of  the  moderns,  fpeak  of  a  certain  folar  fulphur ; 

nay. 
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ttj,  fome  contend,  that  gold  is  wholly  a  fuU 
phnr;  hence  they  derive  the  effeAs  produced  in 
die  prefent  cafe,  endeavouring  to  perfuade  them- 
tiies  and  others,  that  here  the  fame  principles 
€0-exift  as  in  gun-powder  and  pulvis  fulminans^ 
mffldy^  fulphur,  nitre,  and  tartar.  But  opi- 
mons  like  thefe,  at  once  fubtile  and  obfcure,  we 
flttll  leave  involved  in  their  own  darknefs* 

The  following  obfervations  will  (hew  that  it 
is  without  reafon  any  fulphur  is  fufpeded. 

(a)  Of  late  the  fiilmination  has  been  attri- 
buted to  a  nitrous  fulphur,  generated  in  the  pre* 
dotation,  and  adhering  to  ihe  calx.  The  won- 
derfbl  fulminating  property  of  this  calx  is  fiip*' 
poCed  to  be  fufficientiy  accounted  for  by  the  de- 
twttion  of  nitre  ;  but  the  prefenlie  of  k  in  au« 
xum  fblminans  has  hitherto  been  fought  after  in 
nuL  As' vitriolic  fulphur  may:  be  di^ved  in 
acauftic  lixivium,  and  precipitated  by  acids,  it 
feems  probable  from  analogy^  that  the  fame  poro- 
petty  fliould  belong  to  nitrous  fulphur;  bnt» 
^n  boiling  in  a  cauftic  Itxiviutn^  (§  vii.),  the 
^Eliminating  power  is  found  entin:;  and,  upon 
tbe  addition  of  acids  to  the  lixurium,  no  parti<» 
cular  fmell  is  obferved  ;  and  the  gold  is  preci- 
pitated, but  in  exceeding. fmali  quantity.  7 

(b)  I  have  alfo  employed  vitriolic  ether,  that 
^oft  powerful  menftruum  of  all  inflammable 
in^dies.  This,  on  digellion  for  fome  days,  be- 
Soxs  to  be  tinged  yellow  }  a  golden  pellicle  ap« 

pears 
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pears  upon  the  furface  of  the  liquor ;  nay^  a  fci 
grains  of  the  calx  lying  at  the  bottom,  exhiU 
the  fplendour  of  gold.  Upon  evaporation  to 
drynefs,  this  folution  yields  fplendid  gold,  not 
at  all  folminating. 

Gold  feparated  by  aether  from  aqua  regia,  d^ 
ftitute  of  volatile  alkali,  when  precipitated  Iff 
volatile  alkali,  fulminates;  but  is  totally  void 
of  that  property,  virhen  thrown  down  by  fixed 
alkali. 

.  (c)  Common  fulj^ur  is  not  foluble  in  f^ 
of  wine,  unlefs  when  both  thefe  fubftances  mttt 
in  the  form  of  vapour ;  but  we  could  not  t;|ienci 
venture  to  conclude  the  iame  of  nitrous  fulphiir« 
I*  therefore  digefted  aurum  fiilminans  for  e^ 
days  in  reftified  fphrit  of  wine ;  but  neither  wit 
the  liquor  tinged,  nor  did  any  thing  remain  db 
evaporation,  nor  was  the  cabc  found  to  bi 
changed. 

^  h^is  worthy  of  obfervation,  that  the  non«fbk 
minatiiig  calx  of  gold,  upon  digeftion  for  a  finr 
days  in  redified  fpirit  of  wine,  grows  black,  and 
acquires  a  fulminating  property,  but  weak,  and 
fcarcely  fimultaneous. 

§  zni.  Whether  the  Fulmnation  be  oceqfioned  hf 
Aerial  Acid. 

That  fubftance  which  enters  into  the  compo' 
fition  of  certain  bodies,  which,  though  very 

much 
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rach  refembling  air,  is  fubftandally  diflferent 
fiom  it,  has  been  called  by  mbdan  writers  fixed 
ar,  although  it  really  is  a  true  and  diftind  acid. 
Some  contend,  that  this  forms  the  bond  of  union 
between  the  particles  of  bodies,  and  in  that  ftate 
11  fixed,  and  deprived  of  its  elafticity ;  and  that, 
liieii  a  confiderable  quantity  of  this  recovers  its 
d^icity  at  once,  it  mufl;  ftrike  violently  upon 
thfi  atmofpheric  air,  thereby  exciting  undula- 
tioiu,  and  confequently  a  found,  which  is  vari- 
on  according  to  circumftances. 

They  think,  that,  in  the  prefent  cafe,  the  gold 
iftibliition  lofes  its  fixed  air,  which  it  again  re- 
cows  in  ftill  greater  quantity  during  the  preci- 
pittlipn,  as  the  calx  is  found  increafing  in  weight. 
Ik  precipitate  being  then  expofed  to  fire,  this 
aerial  matter  is  fuddenly  forced  to  quit  the  calx, 
notwidiftanding  the  weight  of  the  particles  of 
gold :  By  means  of  which,  however,  the  erup- 
tkm  being  impeded,  is  made  far  more  violent ; 
h«nce  the  extraordinary  noife.  The  following 
obfervations  will  ihew  clearly,  that,  in  this  in- 
fiance,  the  fixed  air  does  not  a£l  in  this  cafe. 

(a)  The  elaftic  fluid  which  may  be  collefted 
during  the  fulmination,  is  not  abforbed  by  wa- 
ter; nor  does  it  precipitate  lime  from  that  fluid, 
5  III.  €.)• 

(b)  Gold  precipitated  by  mild  fixed  alkali 
je%  not  fulminate,  unlefs  the  menftruum  con- 
ing volatile  alkali. 
Vol.  II.  L  (c)  Gold 
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,  (c)  Gold  precipitated  by  cauftic,  as  well  ai 
mild  volatile  alkali,  fulminates. 

(d)  Gold  in  its  precipitation  rejeds  the  aeri- 
al acid.  / 

§  XIV.  The  Phammenon  of  Fulmiriation  cicpfaimL 

From  what  has  been  faid,  it  is  plain,  that  the 

vitriolic  and  marine  acids  are  iio  lefs  favoiuaUe 

to  fulmination  than  the  nitrous,  (§  ix.),  yet  dttt 

neither  of  thefe  is  otherwife  necefTary,  thanitt 

diflblving  and  attenuating  the  metal,  (§  xii); 

and,  finally,  that  no  fulmination  takes  phce 

without  volatile  alkali,  (§  xi.)«     The  quefikm 

therefore  is,  how  the  volatile  alkali  ads  in  Ail 

cafe  ?    To  this  queftion  I  fhall  endeavour  to  giw 

the  bed  anfwer  which  experience  has  pointed  oi^ 

(a)  From  the  very  nature  of  the  thuig  it  is 

plain,  that  fo  great  a  report,  and  fo  violent  as 

explofion,  could  not  happen  but  by  means  of  d» 

copious  and  inflantaneous  eruption  of  fome  eh- 

flic  fluid  violently  flriking  the  common  air;  , 

and  that  this  is  the  cafe  in  the  fulmination,  we 

have  already  obferved  (§  iii.  g.)  ;  but,  for  the 

better  underflanding  this  operation,  it  is  necef« 

fary  to  confider  the  conflituent  parts  of  aurom 

fulminans,  namely,  the  volatile  alkali  and  tbo 

calx  of  gold. 

(b)  It  cannot  be  doubted  that  volatile  alkali 
always  contains  phlogifton.    To  pafs  over  other 

proofsi 
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prooft,  it  may  be  fuf&cient  to  mention  its  deto- 
nation with  nitre.  Now  this  phlogiflon  may  bq 
feparated  by  means  of  a  fuparior  attradion  ;  fo 
that  the  volatile  alkali  is  decompofed,  ^nd  the 
refiduum  diffipated  in  the  form  of  an  elaftic  fluid, 
dtogetfaer  fimilar  to  that  which  is  extricated  du- 
ring the  fulmination.  The  fouroe,  then,  from 
whence  the  elaftic  fluid  is  derived,  is  obvious  ;' 
itTemaihs  to  examine  the  medium  by  which  the 
volatile  alkali  is  dephlogifticated. 

(c)  In  thofe  metals  which  are  called  perfefl:,' 
fo  great  is  the  firmnefs  of  texture,  and  fo  clofe 
4e  conneftion  of  the  earthy  principle  with  the 

I  pUogifton,  that  by  means  of  fire  alone,  thefe 
I  principles  caiinot  be  difunitcd  ;  but,  when  dif- 
fblved  by  acid  menftrua,  they  mufl:  neceflarily 
bfc  a  portion  of  their  phlogiftoa;  and,  there- 
fore, when  afterwards  precipitated  by  alkalis,^ 
which  cannot  fupply  the  lofs,  they  fall  down  in 
a  calcined  ftate  :  They,  however,  attraft  phlo^- 
gifton  fo  forcibly,  that  they  can  be  again  redu- 
ced  to  a  metallic  ftate  without  additament,  mere- 
ly by  an  intenfe  heat  penetrating  the  veflels. 
Gold,  therefore,  is  calcined  by  folution ;  and 
this  may  be  laid  down  as  a  fundamental  pofition, 
being  exprefsly  treated  of,  and,  if  I  miftake  not, 
undeniably  dcmonilrated,  in  another  place. 

(d)  Let  the  powder,  now  confifting  of  calx 
of  gold  and  volatile  alkali  intimately  united,  be 
^zpofed  to  an  heat  gradually  increafing,  and  let 

h  z  us 
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\xs  examine  what  will  be  the  confequence.  The 
calx,  which  is  united  with  the  volatile  alkali,  bj 
the  ailiftance  of  a  gentle  heat  feizes  its  phlog^ 
{ton  i  and  when  this  is  taken  away,  the  refi* 
duum  of  the  lalt  is  inftantaneoufly  expanded  in^ 
to  the  form  of  an  elaftic  fluid,  which  is  per£;)nn» 
ed  with  fo  much  violence,  that  the  air  muft 
yield  a  very  acute  found.     The  calx  may  indeed 
be  reduced  by  mean$  of  a  very  intenfc  beat  i» 
lone ;  in  which  procefs  the  heat  is  decompoliBd^ 
und  yields  its  phlogifton  to  the  calx,  upoq  whidi 
the  other  principle,  the  pure  air,  is  fet  at  libertj. 
But,  in  the  prefent  inftance,  a  fmaller  degm  oE 
heat  feems  to  be  neceflary  than  when  the  vola* 
tile  alkali  is  abfent ;  hence  we  may  impute  tbfr 
redu6tion  chiefly  to  it,  although  it  can  fcarcdf 
be  denied  that  feme  particles  are  reduced  by  die 
heat  alone.     This  we  colleft  from  the  obfcure 
flafti ;  for  light,  fo  far  as  experiment  has  yet 
ihewn,  is  nothing  more  than  the  matter  of  heat| 
with  a  fuperabundance  of  phlogifton.     A  part, 
therefore,  of  the  calx  being  reduced  hy  the  phlo- 
gifton of  the  heat,  the  pure  air  (the  other  ingre- 
dient) is  fet  at  liberty,  and  attacks  the  fupe^u- 
ous  volatile  alkali,  (which  is  now  hot),  and  ii 
fo  loaded  \yith  the  phlogifton  of  the  alkali,  that 
it  exhibits  the  appearance  of  light ;  for  this  can- 
not be  attributed  to  the  furrounding  air,  as  the 
phaenomenon  takes  place  even  in  aerial  add. 
But,  that  the  volatile  alkali  can  in  this  way  pro- 
duce 
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dace  a  fla(h,  is  evidently  (hewn  by  another  ex« 
periment ;,  for  if  this  fait  be  throwa  into  an  hot 
crucible,  it  inftantly  exhibits  a  fiafh.  The  vo« 
bdle  alkali,  in  its  ordinary  temperature,  does 
not  yield  its  phlogifton  to  pure  air ;  but  that 
principle,  being  of  itfelf  very  fugitive,  upon  the 
accefs  of  heat  is  much  more  eafily  fet  at  liberty^ 
and  unites  with  the  pure  air. 

A  fingle  cubic  inch  of  gun-powder  generated 
aibput  244  of  elaftic  fluid  ;  but  the  fame  quan- 
tity of  aurum  fulminans  yields  at  lead  fout 
times  as  much ;  and  hence  we  may  eafily  un« 
derftand  the  difference  in  their  explofive  force. 
The  above  explanation  of  the  report,  founded 
upon  the  knowledge  of  the  compofition  of  heat, 
and  of  aurum  fulminans,  fcems  abundantly  fa(* 
tkh&ory ;  but  fome  phsenomena  ilill  remain 
not  fufEciently  accounted  for. 

That  careful  calcination  (hbuld  deftroy  the 
fulminating  property,  is  not  to  be  wondered  at 
Q IV,  A  J,  as  the  volatile  alkali  is  the  indifpen- 
fiible  material  caufe,  ($  xi.) ;  but  the  peculiar 
alacrity  which  it  acquires  before  the  explofive 
force  is  totally  extinguifhed,  depends  tkpon  the 
nature  of  the  materials,  and  of  the  operation* 
Thus  the  heat,  when  inferior  to  that  neceffary 
for  fulmination,  adls  upon  both  the  principles 
of  the  aurum  fulminans ;  it  prepares  the  metal- 
lic calx  for  a  more  violent  attradion  for  phlo- 
gifton J  it  alfo  a£ks  upon  the  phlogifton  of  the 
L  3  Tolatilc 
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Volatile  alkali,  and  loofens  its  connedioih  ThtCs 
twa  circumftances  mud  tend  to  the  union  pro- 
ducing the  explofion.  'But  this  eflfed  has  a 
maximum ;  and,  at  this  period^  the  ilighteft 
fricUon  fupplies  the  defed  of  neceflary  beat,  and 
produces  the  fulmination.  The  calcined  gold 
alfo  Teems  to  colled  and  fix  the  ibatter  of  heat, 
though  ftill  infufficient,  by  means  of  its  pblo- 
gifton,  in  a  certain  degree ;  fo  that,  by  means 
of  fridion,  though  but  very  flight,  it  becomes 
capable  of  exerting  its  force :  But,  when  the 
heating  is  often  repeated  without  producing  its 
cffed,  the  Tolatile  alkali  is  by  degrees  didipated^ 
and  at  length  fo  much  diminiOied,  that  the  calx 
becomes  inert.  That  this  difTipation  is  promo« 
ted  by  enlarging  the  fur  face,  is  evident ;  and 
this  explains  the  mode  of  a£lian  of  the  hetero- 
geneous particles  interpofed  between  thofe  of 
the  calx,  (§  iv.  b.). 

But,  if  aurum  fulminans  is  capable  of  produ« 
cing  fuch  a  prodigious  quantity  of  elaftic  fluid, 
how  does  it  happen  that  it  remains  mute  and 
inert  when  reduced  in  clofe  veffels  ?  This  I 
take  to  be  the  reafon.  Every  elaftic  fluid,  in  the 
a£t  of  breaking  forth,  requires  a  fpace  to  expand 
in  ;  if  this  be  wanting,  it  remains  fixed,  as  has 
been  already  demonllrated.  Taking  this  for 
j;raiucJ,  a  ca!x  of  gold  cannot  be  reduced  in 
clo:\i  Ycirels  either  by  heat  or  by  the  phlogiflon 
of  vuLtiic  alkali  j  for  in  either  cafe  it  mufl  c- 

volve 
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tolfe  its  elaftic  fluid,  which  by  fuppofidon  it 
caaot  do.  Nothing  remains  to  folve  this  diffi- 
cdty  but  the  ignition  of  the  furrounding  metal, 
bf  means  of  which  the  calx,  in  virtue  of  iu  fu- 
poior  attradioUy  feizes  the  phlogifton  of  the 
wtaly  which  that  fubftance,  here  as  well  as  in 
odier  inftances,  is  capable  of  loling  without  the 
tnpdoa  or  abforption  of  any  fluid  whatever. 

Whether  this  explanation  be  fatisfadory  or 
Bol,  I  leave  to  the  decifion  of  the  judicious. 

(e)  The  (lories  told  us  by  authors,  of  the  ftil- 

■inadng  property  of  certain  metals,  particular- 

If  co|q>er  and  filver,  have  not,  I  confefs,  i>een 

Tcrified  by  my  experiments ;  fo  they  have  either 

been  filent  upon  fome  circumftances  neceflary  in 

die  operation,  or  perhaps  have  been  deceived 

hj  die  detonation  of  nitrum  flammans,  or  fbme 

other  accidental  occurrence.     It  is  not  fufficient 

for  the  volatile  alkali  to  adhere  to  the  precipi* 

t3te ;  for  platina  thrown  down  by  this  alkali, 

raams  a  portion  of  the  alkali  very  obflinately, 

hot  yet  does  not  fulminate  on  expofure  to  fire. 

ScGdes  the  prefence  of  volatile  alkali,  it  feems 

^  be  neceflary  that  the  metallic  calx  fliould  be 

•tdocible  by  a  gentle  heat,  in  order  to  decom- 

Pofe  it :  But  every  explodon  is  not  to  be  derived 

^^om  the  fame  caufes  ;  nay,  in  this  tefpefl,  au« 

^m  fulminans,  gun-powder,  and  pulvis  fiilmi- 

^ans,  differ  very  much,  though  they  agree  in 

^Wveral  particulars. 

L4  DISSER- 
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%  I.    htroduilion* 


DSCHEFFER  was  the  firftwhopro. 
•  perly  examined  the  new  metal  which 
was  lately  found  in  America,  and  brought  to 
us  under  the  name  of  platina.  In  the  year 
1752  he  inveftigated  its  properties,  and  demon* 
ftrated,  that,  in  perfedion,  it  approached  10 
gold,  and  therefore  gave  it  the  name  of  white 
gold.  After  him  many  experienced  chemifts, 
with  laudable  induftry,  have  laboured  in  the  ac- 
curate examination  of  this  fubftance ;  fo  thai 
we  may  fay  with  juftice,  that  there  are  few  of 
the  metals,  though  known  and  ufed  for  eighteen 
centuries  and  upwards,  which  have  undergone 
fo  accurate  an  inveftigation,  by  means  of  the 
mofl.  acute  experiments.    Notwithftanding  this, 

however, 
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iiowerer,  many  circumftances  occur  to  an  in- 
quirer which  are  ftill  obfcure^  and  not  fufEcient- 
hf  elucidated  by  experiment ;  and  hence  have 
arilen  many  diflentions.  Some  of  thefe  points 
I  hope  I  (hall  be  able  to  elucidate,  efpecially  as 
I  am  in  pofleilion  of  a  fufficient  quantity  of  pla- 
tina,  by  the  generofity  of  the  Baron  Claudius ' 
Alftromer,  who  had  brought  it  with  him  upon 
his  return  from  Spain* 

S  u«  Platina  precipitated  by  means  of  Vegetable 
Alkali. 

This  new  metal  diflfolved  in  aqua  regia,  exhi« 
bb,  upon  precipitation,  many  peculiar  proper- 
&s  worthy  of  accurate  examination.  We  fliall 
begin  by  the  precipitate  occafioned  by  vegetable 
alhll 

(a)  Aqua  regis,  compofed  of  nitrous  and  ma- 

^e  acid,  attacks  platina,  exhibiting  a  folution 

tt  firft  yellow,  but  which,  when  further  loaded, 

grows  red ;  and  the  colour  grows  the  deeper  as 

<he  folution  is  more  loaded   with  the  metaL 

Opon  evaporation  cryftals  are  produced,  of  a 

<)eep  red  colour,  frequently  opake,  but  foms- 

^imes  pellucid ;  in  general  very  fmall,  irregular, 

^d  refembling  angular  grains,  the  real  form  of 

^hich  I  have  not  yet  been  able  to  difcoven 

(b)  Thefe  cryftals,  waflied  and  well  dried, 
require  far  more  water  than  gypfum  does  to  dif- 

folvc 
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folve  them  by  boiling.  The  folution  is  yellow^ 
and  Separates  fome  pale  fiocculi,  which  are  pro- 
bably martial.  Vegetable  alkali  does  not  difturb 
the  folution  ;  nay,  the  cauftic  lixivium  of  this 
alkali,  when  hot,  does  not  diifolve  the  cryftak, 
or  at  leafl  attacks  them  very  faintly,  even  al- 
though a  digefting  heat  be  applied,  and  the  li« 
qnor  evaporated  to  drynefs.  By  this  metl^od 
the  colour  of  the  cryftals  is  a  little  weakened; 
the  aerated  mineral  alkali  difTolved  in  water 
takes  them  up  and  grows  yellow  ;  yet  it  remains 
clear,  and  in  many  hours  does  not  depofit  any 
thing ;  but  by  evaporating  to  drynefs,  it  decom- 
pofes  them. 

(c)  The  folution  (a),  upon  the  addition  of  a 
little  vegetable  alkali,  either  aerated  or  cauftic, 
immediately,  or  at  lead  in  a  few  minutes,  depo^ 
fits  fmall  ponderous  red  cryftals,  of  a  different 
nature  from  thofe  mentioned  in  b.  Thefe  are 
fometimes  diftindly  octaedral,  and  foluble  in 
water :  They  are  decompofed  with  difficulty  by 
the  mineral,  but  are  not  changed  by  the  vege- 
table alkali. 

But,  if  the  alkaline  fait  be  added  in  larger 
quantity,  the  fuperfluous  acid  being  faturated, 
there  is  feparated  a  yellow  fpongy  powder  info- 
luble  in  water,  which  exhibits  a  calx  of  platina. ' 

The  clear  folution  (a)  reduced  fo  far  by  eva- 
poration, that  the  remaining  liquor  confifted 
only  of  a  few  drops,  upon  the  addition  of  the 

alkali ' 
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alkali  exhibited  the  fame  phaeaomena  as  men-i 
tioned  above,  except  that  die  cryfbdline  powder 
itas  of  a  deeper  yellow. 

(d)  Initead  of  the  vegetable  alkali,  let  the 
fame,  iaturated  with  an  acid,  either  vitriolic,  ni- 
trous, marine,  or  acetous,  be  employed ;  never- 
thelefs»  the  red  cryftalline  molecules  appear ; 
but  by  this  method  the  whole  of  the  platina  can- 
not  be  feparated,  as  in  the  foregoing  paragraph 
(c) ;  for  the  folution  retains  a.  deep  yellow  co- 
lour, however  abundantly  thefe  £alts  be  added  ; 
nor  does  any  genuine  calx  of  platina  fall,  exc^t 
upon  the  addition  of  an  alkali ;  for  which  pur- 
pofe  either  the  mineral  or  vegetable  wilt  ferve. 

(i)  I  took  the  fame  weight  of  platina  as  in  a, 
and  tried  it  with  an  equal  bulk  of  menftruum, 
confiding  wholly  of  nitrous  acid  -,  to  which  wa$ 
added,  of  common  fait,  four  times  the  weight  of 
the  metal.  This  nitrous  acid  was  taken  out  of 
the  fame  bottle  as  in  a  ;  in  a  digefting  heat 
all  the  platina  was  diflfolved ;  the  folution  was 
red,  but  more  dilute  than  that  in  a  ;  a  yellow 
powder  floated  on  the  furface,  but  at  the  bottom 
a  larger  quantity  of  the  fame  was  found. 

The  clear  folution,  upon  the  addition  of  the 
imalleft  quantity  of  vegetable  alkali,  depofited  a 
copious  yellow  powder,  which  yet  was  foluble 
in  a  fufficient  quantity  of  water.  The  neutral 
felts,  with  a  vegetable  alkaline  bafe,  alfo  preci- 
pitated  a  fimilar  powder  more  flowly  and  more 

cryftalline  ; 
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cryflalline ;  but  the  mineral  alkali,  though  en- 
ployed  in  fifty  times  the  quantity  of  the  vege- 
table alkali,  does  not  at  all  difturb  die  folutioDy 
the  abundant  acid  not  being  yet  faturated. 

The  powder  colleded  at  the  bottom  was  to- 
tally foluble  in  water,  and  in  its  properties  a—' 
grees  with  the  cryftalline  powder  fpontancooll^ 
feparated  in  b,  but  is  of  a  yellow  colour. 

(f)  I  repeated  the  experiment  with  the  famfg 
quantities,  but  inftead  of  the  nitrous  acid  anC 
fea-falt,  I  ufed  the  marine  acid  and  nitre,  wdE 
depurated.      In  this   experiment,    the  platioa. 
yielded  a  folution  of  a  golden  colour,  togedier 
with  a  greenifh  powder,  moftly  granulated,  the 
more  fubtile  part  of  which  floated  on  the  fur- 
face. 

Tlie  clear  folution  did  not  depofit  any  thii^ 
upon  the  addition  of  vegetable  alkali,  until  all 
the  fuperfluous  acid  was  faturated,  but  then 
yielded  a  metallic  calx  infoluble  in  water. 

The  green  powder  is  wholly  foluble  in  a  fuf- 
ficient  quantity  of  water,  and  agrees,  as  to  its 
properties,  with  the  cryitalline  powder  occafioo- 
ed  by  the  vegetable  alkali  in  c  and  d. 

(g)  Platina  precipitated  from  aqua  regia  by  a 
fuflicient  quantity  of  mineral  alkali,  well  waih- 
ed,  and  dilTolved  in  marine  acid,  upon  the  addi- 
tion of  vegetable  alkali  immediately  lets  fall  a 
cryftalline  powder  ;  which  is  alfo  the  cafe  with 
nitre  and  other  neutral  ialts,  whofe  bafis  is  the 

yege^bte 
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regecable  alkali,  I  employed  the  additaments^ 
dpeciaUy  the  neutral,  dry,  or  at  leaft  well  latu- 
rated  folutions. 

(h)  The  cafe  is  the  lame  with  calx  of  platinai 
di£blTed  in  vitriolic  acid. 

(i)  The  precipitate  of  platina  is  taken  up  al- 
fi>  in  the  fame  way  by  nitrous  acid,  freed  from 
i^U  admixture  of  the  marine ;  but  this  nitrous 
Sc^lution  exhibits  different  properties  with  the 
^^etable  alkali  from  thofe  of  the  muriatic  fo-^ 
^ution  in  a ;  for  I  could  not  obtain  a  diftind 
inline  precipitate,  without  the  addition  of  marine 
add. 

(k)  That  which  I  have  now  affirmed  of  the 
calx  of  platina,  is  alfo  true  of  the  precipitate 
occafioned  by  vegetable  alkali,  after  the  depofi*^ 
tion  of  the  &line  powder  (c). 

(i.)  Upon  comparing  thefe  experiments,  it 
will  readily  appear,  ifl.  That  the  precipitate 
which  is  firft  thrown  down,  on  the  addition  of. 
vegetable  alkali  to  folutions  of  platina,  is  a  ia« 
line  fubftance,  and  different  from  the  calx  of 
this  metal  (c)  :  2d,  That  this  laline  precipitate 
is  compofed  of  calcined  platina,  marine  acid, 
and  vegetable  alkali  (d  £  f  o  and  1)  :  3d,  That 
by  means  of  vitriolic  acid,  a  precipitate  analo- 
gous to  this  may  be  obtained,  compofed  of  cal« 
cincd  platina  and  vegetable  alkali,  joined  to  vi- 
triolic acid  (h)  :  4tb,  That  the  whole  folution 
cannot  be  precipitated  in  the  form  of 

a 
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a  triple  fait  by  the  vegetable  alkali,  either  difen* 
gaged,  or  otherwife ;  but  that  a  determined  limir' 
takes  place,  upon  pafling  which  it  yields  a  me- 
tallic calx  in  the  ufual  way,  like  other  metals. 

§  III,   Platina  precipitated  by  means  of  the  Mine» 
ral  Alkali* 

The  moft  celebrated  chemift  of  the  age,  Mr  ■ 
Margraaf,  denies  that  a  folution  of  platina  can 
be  precipitated  by  mineral  alkali,  which  Dr 
Lewis  confirms  on  repeating  the  experiment.  < 
Now,  as  none  of  the  metals  adhere  to  achb 
with  fo  much  force  as  to  refufe  quitting  them 
on  the  addition  of  mineral  alkalij  platina  wdold 
form  a  very  Angular  exception;  I  therefore 
thought  this  circumftance  worthy  of  particular 
examination. 

(a)  I  tried  the  common  folution  of  platina 
with  a  folution  of  mineral  alkali ;  each  drop,  on 
falling  in,  excited  a  violent  effervefcence,  but 
no  precipitate  appeared.  I  ftill  continued,  how- 
ever, to  drop  in  the  alkali,  and  at  length  the  fo- 
Itition  began  to  grow  turbid ;  and  a  fpongy  yel- 
low powder  was  precipitated,  confifting  of  a  ge- 
nuine calx  of  platina. 

i  afterwards  effefted  the  fame  more  quickly, 
by  employing  the  mineral  alkali  dry,  and  fpon- 
taneoufly  calcined. 

(B)  to 
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(b)  In  order  the  better  to  determine  the  dif* 
eflkades  of  die  fixed  alkalis,  I  divided  m 
■  UotiQQ  of  platina,  as  yet  Very  add,  into  two 
L|  equal  parts ;  to  one  of  them  I  added  fmall  por* 
doos  of  the  vegetable,  and  to  the  other  an  equal 
^foffxt  of  pieces  of  mineral  alkali.  Between 
Ae  addition  of  every  two  pieces  I  waited  five 
minutes,  till  the  efiervefcence  had  ceafed.  Af« 
ter  die  third  addition,  I  obferved  fmall  cryftals 
qipeaTing  in  the  firft,  partly  on  the  furface, 
paniy  on  the  bottom ;  while,  at  the  fame  time» 
MO  fiepa^tion  of  calcined  platina  appeared  in  the 
fatter,  until  after  the  addition  of  fifty-fix  times 
the  quandty  of  the  vegetable  alkali.  The  diife* 
mce  was,  however,  (till  greater  than  at  firft 
appears  from  this  experiment ;  for  the  vegetable 
f  alkali  was  cryftallized,  and  therefore  charged 
I  with  the  water  neceflary  to  its  cryftalline  form ; 
ivfaereas  the  mineral  alkali  was  fpontaneoufly 
calcined;  and  although,  in  equal  weights  of 
r  tbefe  two  alkalis,  the  pure  alkaline  parts  are  as 
I  3  to  a,  yet  3  parts  of  vegetable  alkali  faturated 
only  1,71  of  this  aqua  regia,  while  2  of  the  mi- 
neral alkali  took  up  about  2,6. 

A  difference  fo  great  as  this,  together  with 
the  then  undifcovered  faline  nature  of  the  preci- 
pitate firft  thrown  down  by  the  vegetable  alkali, 
undoubtedly  contributed  to  deceive  thefe  expe- 
rienced and  defervedly  admired  chemifts ;  a  cir- 
cumftance  which  is  by  no  means  wonderful. 

(c)  la 
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(c)  In  refped  of  precipitation^  therefore^  the 
mineral  alkali  fuffers  no  impeachmentj  but  »• 
tber  the  vegetable  exhibits  a  very  Angular  habi* 
tude  with  regard  to  diflblved  platina,  which  it 
does  not  pofleis  with  any  other  metal. 

5  IV*    Platina  precipitaied  by  means  rf  Volaiik 
Alkali. 

Dr  Lewis  was  the  firfl  who  (hewed  that  pla* 
tina  may  be  precipitated  by  fal  ammoniac.  This 
is  a  fingular  phsnomenon,  which  we  ihould  by 
no  means  exped  from  a  neutral  (alt,  and  which 
I  have  never  yet  feen  explained.  The  follow* 
ing  obfervations  are  intended  to  illuftrate  this 
procefs. 

(a)  The  volatile  alkali,  whether  mild  or  cau^ 
ftic,  precipitates  platina  in  the  fame  way  as  de« 
fcribed  §  ii*  c  ;  at  firft  it  throws  down  the  me- 
tal in  a  faline  form  }  and,  although  the  grains 
be  fmall,  yet  they  are  of  a  cryftalline  ihape, 
which,  upon  examination,  is  fometimes  found 
to  be  diftindly  odaedral. 

Their  colour  varies  according  to  the  intenfi- 
ty  of  the  folution.  When  red,  it  depofits  red 
cryftals }  and  when  more  dilute,  no  other  than 
yellow.  After  the  fuperabundant  acid  has  been 
faturated,  the  fame  alkali  precipitates  the  plati* 
na  truly  calcined. 

(b)  The 
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(b)  The  (aline  precipitate,  though  flovly  ta* 
kn  np  by  water,  yet,  if  the  quantity  of  water 
kfufficient,  is  totally  diflblved,  and  may,  by 
mporation,  be  reduced  to  more  regular  cryftall. 

The  mineral  alkali  diflblYes  thefe  cryftalt  { 
\  kt  fcarcely  any  figns  of  decompofition  appear^ 
iirieb  the  yellow  folution,  evaporated  to  dry- 
'left,  be  again  diflfolved  in  water }  for  then  the 
ftdaiiic  calx  reds  at  the  bottom,  and  the  folu- 
Sm  wants  the  yellow  colour.  The  Vegetable 
dbli  has  fcarcely  any  eflfed  m  this  wa)r ;  for^ 
Her  repeated  exfictation,  the  folution  remains 
dor  and  yellow  ;  bat  here  it  appears  very  pro- 
tole,  that  this  alkali  takes  the  place  of  the  vo- 
;  for  in  larger  quantities,  and  e^pectally 
the  cauflic  veget3d)ie  alkali  is  ca^>loye^ 
Ae  c3q>uUioti  of  the  volatile  alkali  si  in  km» 
dqpee  nianifeft  by  the  fmelL 

(c)  The  volatile  alkali,  fatuiated  mil  my 
add,  throws  down  a  fimibr  ialiae  fudfioUf 
ttkaR  it  produces  the  effea,  wbctfacr  k  be  >oi^ 
«d  with  vitriolic,  nitrous,  or  marine  acUs ;  bm 
Ibefe  neutral  laks  precipitate  only  a  tecnaaaA 
^Bintity  of  pbtina ;  for,  after  cbe  cdhtkm  ef 
ttdr  effed,  the  remaining  liquor^  «p0B  the  ad» 
didonof  vegetable  or  volacile  aftai^  kuh^s 
pirecalx. 

(b)  The  calx  of  platisa,  predpiaMi  lijr  «p 
leral  alkali,  and  then  difiblted  aa 
eid»  as  vitriolic,  nitrons,  or 
Ifoi..  II.  M 
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nearly  the  fame  phaenomena  with  volatile  alkali^ 
whether  difengaged  or  otherwife,  as  it  does  with 
the  vegetable  alkali. 

.  (b)  Upon  confidering  thefe  experiments, 
therefore,  we  may  conclude,  that  platina,  dif« 
folved  in  acids,  forms  at  firfl,  as  well  with  the 
volatile  as  with  the  vegetable  alkali,  a  triple  ialtt 
which  is  difficultly  foluble,  and  therefore  ahnoft 
always  fisills  in  the  manner  of  a  precipitate,  un« 
k&  the  quantity  of  water  be  more  abundant 
,  than  ordinary. 

-  §  V.  PlaHna  precipitated  by  means  rf  Lime. 

'  (a)  Lime,  whether  aerated  or  cauftic,  preci* 
pitates  platina  in  the  fame  manner  as  the  mine- 
ral  alkali  does,  without  any  cryftalline  aj^iear- 
ance. 

(b)  Upon  the  confideration  of  thefe  phaeno- 
mena, there  appears  a  lingular  analogy  between 
the  vegetable  and  volatile  alkalis,  and  betweeI^ 
the  mineral  alkali  and  lime.  A  like  agreement 
takes  place  between  thefe  fubftances  in  other 
xnftances.  I  (hall  mention  one  remarkable  ex- 
ample. Alum,  extracted  from  argillaceous  mat- 
ters by  means  of  vitriolic  acid,  fometimes  can- 
not, without  difficulty,  be  reduced  to  folid  re- 
gular cryftals ;  but,  by  the  addition  of  a  finall 
quantity  of  vegetable  alkali,  this  inconvenience 
may  be  remedied,  and  the  volatile  alkali  pro- 
duces 
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i  die  fame  effed.  b  may  be  fiifpeded,  that 
Ail  u  owing  to  the  abftradioa  of  fiipertbilii- 
diDt  add ;  bat  it  cannot  be  done  either  bf  mi* 
•cnl  alkali  or  lime,  both  of  whidi  are  capabk 
of  fatnating  the  add :  Befides,  not  only  the  ve* 
getdiie  and  Tolatile  alkalis  affift  the  cryftallin- 
on  of  ahim  when  they  are  difengaged,  bat  al« 
fa  vhen  united  with  add,  whidi  makes  the  le^ 
fanlibnrc  complete.  The  matrixes  of  ahm 
bapcatly  cotitain  the  proper  alkali,  eiiher^na- 
tnally  combined  with  them,  or  foperadded  in 
die  roafting ;  and  hence  it  is  fddom  neceffiuy^ 
ia  Ac  preparation  oi  alum,  to  promote  the  cry« 
falEzatbn  by  alkalis. 

$n.  Di;fi:ulij  wib  wbicb  PlatinU  uji^ 

k  u  well  eftabliihed,  that,  of  all  known  me- 

ti$^  pfatina  is  die  moft  difficult  of  fufion ;  fytf 

^  IB  its  perfed  (late,  it  is  fcarcefy  to  be  overcome^ 

caoqit  in  the  focus  of  a  burning  mirror ;  while 

■Qcnry,  oh  the  contrary,  finds  fufident  heat 

ladiecoldeft  winter  to  prefenre  a  fluid  fona^ 

But,  not  kM^  fince,  the  cdebrated  Ddifle  dif- 

CDfcred  a  method  by  which  platina  may  be  iufed 

even  by  a  common  fire.    Thus  the  predpitate 

by  fid  ammoniac,  espofed  tvidioat  ad* 

to  a  mdft  Tk>lent  degree  of  heat  in  a 

Uaft^bmace,  yklds  a  poUflied  metallic  globule, 

tluch  is  fimicdmes  fiifiidently  jtaalleable.     F 

M  2  hare 
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Jiavc^  repeated  the.  experiment  vith  fuccefg ;  bat^ 
in  order  to  obtain  the  regulu8  in  a  maUeabb? 
ftatet  the  quantity  mult  be  very  fmall,  and  tie 
Jieac  very  intenfe. 

(a)  I  tried  whether  platina,  precipitated  bjT 
£d  ammoniac^  could  be  iufed  by  the  blow*pipe«p 
In  carder  to  make  a  fmall  portion  remain  on  ibc 
charcoal,  notwithftanding  a  violent  blaft,  I  added 
to  it  a  little  microcofmic  fait  in  fufion,  and,  in 
a  few  minutes,  obtained  a  poliihed  globule,  bvt 
£>  very  (mall,  that,  when  beaten  out,  it  yiddcd 
^  circular  ]>late  of  only  one  line  in  diameter.  I 
fojund  means,  by  the  addition  of  microcoliDk 
fait,  to  reduce  feven  or  eight  of  thefe  plates  in- 
to one  mafs,  equal  in  bulk  to  the  head  of  a  com- 
mon pin ;  and,  after  beating  this  out,  I  once  r^ 
duced  it  again  to  a  globular  form,  ftill  prefa- 
▼ing  its  malleability,  but  could  not  fufe  it  again} 
|br»  being  imperfedty  fiifed,  it  broke  under  the 
hanuner» 

Borax  is  fcarcely  of  any  ufe  in  this  operation  { 
for  it  expands  upon  the  coal,  together  with  the 
precipitate. 

(b)  The  laiine  precipitate  thrown  down  bf 
tolatile  alkali,  treated  in  the  fame  manner,  ex- 
hibits the  fame  properties  as  the  foregoing. 

(c)  1  found  fo  great  refemblance  between  the 
precipitate  occafioned  by  the  volatile  and  by  the 
v^euble  alkali,  that  I  Should  have  condndedi 
Aat  in  this  experiment  they  woukl  prote:to  be 

fimilar; 
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;  but  I  have  often  hid  occafion  to  fee 
hovGtde  analogy  is  to  be  confided  in ;  I  there- 
fat  Bade  the  eiq>eriaient  with  the  cryftab  ob* 
pmed  bjr  Tegeuble  alkali,  and  foond  my  con- 
jtOBretDbejnft 

(b)  The  cryftals  obtained  by  fpontaneont 
etipntita  ($  ii.  b),  after  completely  drying; 
tboi  added  to  the  microcofinic  £dt  in  ftifion, 
fanpitace  more  violently  than  thofe  obtained 
If  aems  of  the  alkaline  lalt,  (S  n.  c ;  and  nr; 
aJL  Somewhaty  however,  remains  in  the  fixed 
Mb,  wfaidi  is  not  nnft^qoently  reduced  upon 
iisfiir&oe,  yielding  a  pellicle  of  a  filrer  colour  ; 
bat  1  have  not  hidiertp  been  able  to  reduce  it  to 
s^obule.  Thus  far  I  hare  advanced,  namely^ 
lodbtaitt  the  platina  coHeded  together  within 
the  fik,  in  a  white  mafs  of  an  irregular  form  ; 
.  bot  die  particles  of  this  fpongy  mafs  were  fe« 
JBrdde  by  mechanical  force.  This  is  the  cafe 
litfa  the  cabces  of  platina,  by  whatever  alkali 
itf  are  precipitated,  r§  ni.  a  ;  ii.  c ;  and  iv. 
A){  dierefore  it  feems  very  probable,  that  the 
priadple  which  difpofes  to  fufion  is  fopplied  by 
the  vegetable,  and  alfo  by  the  volatile  alkali. 

5  viu  Properties  of  depurated  Plailna. 

By  the  method  now  defcribed,  I  obtained  fe« 

veral  very  beautiful  pieces  of  regulus:  They 

tfere^  it  is  true,  exceedingly  fiitiall,  but  wonder- 

M  3  iiilly 
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fiilly  mallealtle,  ^nd  w^re  frped  fiFom  ivottbyr 
repeated  fqfion  with  microcofmic  fait,  mon? 
completely  than  by  any  other  method  hjthattr 
knowA.    It  is  proper  to  oblerve,  that  the  crods 
platina  was  felefted,  and  repeatedly  boiled  id 
marine  acid,  until  the  menftruqm  could  notCK- 
traA  any  more  iron.    3y  this  prpcd»  0,95  v»    ; 
feparated,  the  remaining  part  of  thp  iron  being 
doubtlefs  fo  enveloped  by  the  particles  qS  ^ 
tina,  that  the  boiling  acid  cannot  have  acceft  tn 
them.    This  platina,  after  waO)ing,  was  difibl^ 
ved  in  aqua  regia  freed  from  all  iron,  and  dum 
precipitated  by  the  pureft  fal;  ammoniac.    I 
{hall  therefore  defcribe  the  qualities  of  the  le- 
gulus  obtained  from  this  precipitate. 

(a)  Its  colour  is  that  of  the  pur^  filler. 

(b  J  The  very  fmall  globules  are  wonderfully 
malleable ;  but,  when  many  of  thefe  are  oollep^ 
ted  together,  they  can  fcarcely  be  fo  perfe^^ 
fufed  as  to  preferve  the  fame  degree  of  (nallea- 
bility. 

(c)  A  magnet,  though  of  great  power,  does 
i^ot  ad  upon  them  in  the  leail,  nor  is  Uie  moft 
delicate  magnetic  needle  afieded  t)y  them. 

(0)  They  cannot  be  diflblved  by  any  fioqde 
menftruum,  except  the  dephlogiflicated  marine 
acid. '       " 

(1)  Aqua  regia,  compofed  of  the  ad^  mk« 
ed,  diflblves  them ;  is  yellow  at  firft,  and,  wbct 
more  faturated,  red  i  on  evaporation,  the  ibIo% 
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tion  yields  ihapelds  cryftalline  grains,  though, 
I  Uttft  confeis,  that,  in  the  place  of  thefe,  I  have 
femetimes  obtained  nothing  more  than  a  Mne 

(r)  Their  habits  with  alkalis,  whether  difen- 
gigedor  iaturated  with  acids,  are  the  £ime  as 
ibore  defcribed. 

(o)  The  phlogifticated  alkali,  well  Iaturated, 

ind  freed  from  the  doiall  portion  of  Ptuffian 

bine  which  it  diflblyes,  occafions  no  precipita* 

tioo  ;  but  the  cobur  of  the  folution  is  rendered 

daiker.    This  lixivium,  therefore,  diflblves  pla- 

dna^  as  well  as  Ibme  other  metals.    Not  the 

iinalleft  veftige  of  Plruffian  blue  appears,  which 

yet  is  evidently  feen  upon  the  addition  of  a  por- 

doa  of  martial  vitriol,  amounting  to  only  0,00 1 

of  the  platina  contained  in  the  folution,  although 

o^ooi  of  martial  vitriol  contain^  only  0,00023' 

of  iron* 

$  vux.   Whether  Platina  be  a  Metal  djftinajrm 
all  others. 

'  ^though  many  of  the  modems  give  platina  a 
|)]ace  imong  the  metals,  yet  there  are  fome  na* 
-tintfiftt  of  highlN^tation,  who  confider  it  as 
nothing^  more  thftita  mixture  of  gold  and  icon. 
WeiMl-nol  hertflflAfider  the  arguments  on  both. 
fidei^bBt  Mft  entiMlyoipon  the  condufions  whidi 
.follow  clearly  fr^fattlb  preceding  experiments. 

M  4  (a)  As 
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(a)  As  to  iron,  there  is  no  doubt  of  its  pr«r 
fence  in  platiiva*  as  is  evidently  ihewn  both  by 
the  magnet  and  the  phlogifticated  lixivium  j  but^ 
ivhoever  examines  the  metals  accurately,  wil| 
find  that  thej  never  occur  in  a  perfedly  pure 
ftate.  Gold  is  contaminated  more  or  U&  with 
filver,  copper,  or  iron  ;  filver  \yith  coppef  a&4 
arfenic  i  copper  with  iron,  and  that  genei:ally 
in  fuch  a  quantity  as  to  be  difcemible,  but  fome» 
times  in  fuch  fmall  portiqns  as  to  be  concealed} 
nickel  contains  qobalt ;  and  fo  on.  I«et  us  now 
fuppofe  that  native  platina  is  never  found  with- 
out iron;  yet  it  does  not  follow  from  thence, 
that  icon  enters  into  it  as  one  of  its  confUtucnt 
principles.  ^ 

(b)  This  iron  may  be  artificially  feparated>  or 
at  Icafl:  fo  much  diminiihed,  as  not  to  be  in  the 
fmallefl:  degree  fenfible,  either  to  the  magnet  or 
the  phlogifticated  lixivium,  (§  vij.)-  With  what 
appearance  of  probability,  then,  can  it  be  laid, 
that  in  depurated  pbtina,  (which,  in  100,000 
parts,  is  fuppofed  to  contain  99,977  of  gold), 
the  nature  and  diftinguifliing  properties  can  be 
fo  changeable,  as  that  a  fmaller  quantity  thai^ 
0,00023  of  iron  (S  vn.  o)  ihall  operate  fo  as  to 
conceal  the  properties  of  bothlfae  ingredicDta  ? 

(0)  I  have  long  vifhed  to  get  a  piece  of  pbu 
tina  entirely  crude,  and  un^aqged  by  art;  £ar 
not  only  is  iron,  fuj^fed  to  be  a  principle  of 
this  metal,  but  it  is  affertcd  IpJ^  magnetic    It 
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u  known,  that  grains  of  platina  are  found  mix- 
ed ivith  gold  in  the  bawek  of  the  earth,  and 
that  the  gold  is  freed  from  them  in  iron  mills 
by  means  of  mercury.  May  not  the  magnetifm» 
therefore,  be  occaiioned  by  the  iron  which  ad- 
heres during  this  operation,  as  we  know  that  iron 
receires  that  property  by  percuffion  and  other 
means  ?  Befides,  a  fuitable  fituation,  long  con* 
dmed,'  alfo  generates  that  quanuty  ;  and  per« 
haps  to  this  caufe  may  the  magnetifm  be  owing, 
^  if  it  a&ually  does  take  place  in  crude  platina  ; 
if  not,  it  muft  be  entirely  attributed  to  art* 

In  the  year  1 774,  two  Spaniards  who  had  come 

to  Upfal  from  America,  prefented  me  widi  two 

forts  of  platina,  one  of  which  had  been  waflied 

with  mcfctiry,  in  order  to  fepftrafe  the  gold;  the 

other  rude,  which  they  aflerted  had  never  been 

expofed  to  amalgamation.     This  latter  was  to 

me  a  very  acceptable  prefent ;  but  my  pleafure 

foon  yanifhed  ;  for  a  few  ounces  of  it,  expofed 

to  fire  in  a  glafs  cucurbit,  fent  forth  mercurial 

viipOun,  which  formed  into  globules  on  the 

ned^  of  the  TefleL     As  platina  is  mixed  with 

particles  of  gold,  there  is  very  Kttle  probABity 

thatfecVercomes  to  Europe  pnre.  k  may  happen 

alfo,'  that  it  repeatedly  undergoes  that  operation ; 

ior  evcA  inch  as  ft'^ught  to  Europe,  yields 

gndns  of  gold.  WiftSi  once  deprived  of  the  gcjd^ 

^if  thrown  out;  $yid  this  it  moft  probably  is, 

tAxcb,  after  a  fcries  t>f  years,  is  confidered  as  pure. 

D  1  S  S  E  R- 


DISSERTATION   XIXT. 


OF    THE 


WHITE  ORES  OF  IRON^ 


S  u  An  accurate  KmwUdge  of  Ores  mcffirjk 
the  proper  Trcaimeni  rf  tbem. 

OUR  omnipotent  Creator  has  provided  fir 
the  ufe  of  man  an  inezhauftible  (tore  oF 
natural  bodies^  which  are  to  be  found  in  tbe 
external  covering  of  the  globe«    Some  of  tbde 
we  have  accidently  learned  to  employ  to  our  ad* 
vantage,  others  we  have  been  urged  by  neceffitj 
to  feek }  and,  by  flow  degrees,  and  after  miiqr 
trials,  we  have  difcovered  the  proper  treatmeit 
Off  them.:  But  the  greateft  number  we  ftill  n^ 
gle^  as  ufelefs,  being  ignorant  of  their  value. 

It  is  obvious,  that  in  proportion  as  men  be- 
cpqie  more  perfedly  acquainted  with  the  v]^ 

tucs, 
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too,  qualities,  and  ccKnpofition  of  bodies,  the 
nore  yaSSBdj  and  cafilf  will  ibtj  be  ablie  to 
;ip^  tfaeBite4beir  advantage  and  conTenicnce. 
UpoadBt  pnnicalar,  tberefore,  fliould  our  chief 
care  be  employed  ;  &r  a  proper  acquaintance 
vkh  the  ftoreS'  of  nature  ^n^  certainly  be  foU 
lowedbjtheaqiplicatioQof  themtonfe:  Never* 
Aele&y  fi{>|VBGvident  has  nature  been  ^gainftha* 
msL  Jipwrancc  and  floth,  that  the  mdeft  labon 
is  noc  witboid:  ^nal  advantage.    Thus,  in  the 
dukcr  ^esy.we  find  the.richeft  minerals  nfed 
aa  triboicin  a  circuinftance  which  natural^  iqlm 
lowed  the  difcovery  of  them }  yet  they  were  not 
valoed  in  pioportioa  to  their  gpodnels.   When, 
by  Ac  ezpenence  of  ages,  the  various  qualitiet 
of  tiicfebo^ies^weredircovered,  the  foundation 
ofmetalliirgy  b^an  to  be  hid  j  and,  in  propor* 
tioo  as  thf  fuperior  Hdll  of  foen  now  enables 
db«i  to  obtam  more  metal  ^uu^  poorer  veins^ 
nttwe  feems  to  have  diminiihed  the  former  fu- 
penbnndance  of  thefe  prododions.    The  che- 
mical knowlcdgeof  the  prefent  times  would  be 
too  moch  enriched,  if  the  fdrmer  abundance 
Stihf^^  i  amd,.  on  the  other  hand,  the  rude  and 
^afldUiil  attenq)ts  of  the  firft  inventors  would 
be  cadrdj  ufeleis,  had  they  been  cran^>edhy 
{be  fcaraicy  which  is  now  foqpd  to  take  place. 


J*      . 
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Siu  Pbjfical  polities  of  the  vAHf  Ores  rf  Irtm. 

Thefe  ores  have  received  diftrt  deftomina- 
dons,  from  the  fingular  heat  >idi  which  they 
are  accompanied^  In  Germany  they  arc  called 
ftahlfttin  or  Jtahlertt^  (at  the  iron  got  from  them 
could  be  changed  into  excellent  fteel;,  as  alfo 
vmfftj  eifenj^y  pfintzy  and  other  names.  In 
France  they  are  called  mhei  defer  ^atifue^  ak 
though  it  miift  be  confeffed  that  they  are  not  al« 
ways  fpathous ;  and  that,  moreover,  many  wUdl 
are  of  a  fpathous  texture,  and  loaded  with  iroii, 
do  not  belong  to  this  dafs. 

(a)  The  textnre  of  thefe  minerals  is  almoft^ 
the  lame  as  that  of  the  calcareous  ftone,  yet  it 
is  rarely  found  compaft,  and  compofed  of  *Im« 
palpable  particles;  it  is  fometimes  fqtranxniti 
fometimes  granulated  with  fmall  diftinft  parti- 
cles,  Ibme  of  thbn  (hining,  but  in  general  it  is 
fpathous.  We  do  not  fpeak  of  them  here  in  their 
complete  and  perfeO:  (late;  for  the  figure  of 
dieir  parts  is  more  or  Icfs  deftroyed  by  fponta- 
neotts  caldnation ;  nay,  the  whole  mafs  is  at 
length  refolved  into  a  powder :  Sometimes  it  ia 
found  ftalafiitic,  fiftulous,  and  ramous,  or  even 
cellular,  nay  fometimes  germinating  like  mofa. 

(b)  They  are  fometimes,  but  very  feldom,  fo 
hard  as  to  ftrike  fire  with  fteel ;  but  though 
(when  found  mixed  with  flint,  and  newly  dug 
up)  they  are  of  this  kind,  yet  they  foon  lofe  that 

property. 
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propoty.  In  other  rdpeftf ,  when  perfed,  tfaej 
generallj  refemble  calcareous  ftone,  unlefs  wbea 
aqided  to  the  air  for  fome  time,  by  which  the 
•nion  of  their  parts  is  gradually  diminiflied. 

(c)  The  colour  is  white,  but  the  furfioe 
viikh  comes  in  coiita&  with  the  air  grows  gnu 
daally  brown,  or  even  blackifh ;  yet  fo  long  as 

:  Ae  mm,  which  is  converted  into  an  ochre,  re- 
nins  in  them,  they  have  a  ferruginous  hue  ; 
'  bat,  dioogfa  the  furface  is  thus  changed,  the  ia« 
^  tmal  parts  remain  the  lame,  and,  upon  filing 
r    or  faveakittg,  exhibit  the  natural  colour* 

This  change  is  effeded  by  the  air,  not  upon 

:    Ae  iron,  as  is  commonly  bdieved,  but  upon  the 

I   ttte  calx  of  the  manganefe,  which  is  dephio* 

,    ^Kcated  by  the  furrounding  atmofphere ;  a 

drcmnftance  which  it  is  fuflkient  here  to  men* 

don,  as  it  will  be  more  accurately  exphuned 

kreifier,  (S  vn.  c). 

(d)  The  fpedfic  gravity  of  die  ore,  when 
pcrfeft,  varies  between  3^640  and  3,810,  and 
it  diminifhrd  according  to  the  degree  of  caki- 
ta&onu  That  ore,  whofe  particles  fcarcely  co- 
kre,  but  are  quite  feparated,  is  from  2,5  to  2,9  ; 
tet  that  which  is  not  perfedly  corroded,  from 
if3  to  3,6. 

(x)  The  ore,  whether  perfeft  or  calcined,  is 
larely  attraAed  by  the  magnet,  though  the  mar- 
tial part  fometimes  amounts  to  nearly  half  the 
ireight. 
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5  III-   Situation  tf  tbefe  Ores  in  Mountains^ 

The  white  ores  of  iron  are  found,  but  very 
fparingly,  in  Sweden.  Suartberger,  (i.  e.  Blaek 
Mountain),  near  Schifthytta,  in  Dalduirlia,  has 
its  name  from  its  furface,  which  is  grown  black 
by  calcination.  This  mountain  is  high,  and 
naked  upon  the  fummit,  which  is  crolfed  by  a 
broad  calcareous  vem,  with  fluning  particles  of 
fpar,  and  a  white  ore  of  iron,  together  wnh  gt^ 
lena,  pfeudo  galena,  and  black  ore  of  iron,  pyt 
rites,  fchoerl,  and  garnet  intermixed.  In  the 
old  mines  at  Hiellefors,  or  the  eaftem  mines, 
the  rock  itfelf  appears  to  confift  of  a  white  cm 
of  iron.  It  is  fometimes  found  alfo  in  other 
mountains,  but  generally  either  in  (mall  quan» 
tity,  or  very  poor  in  metal. 

Germany  is  rich  in  thefe  ores :  Many  moun* 
tains  about  Smalkald  contain  them.  .  In.  that 
which  is  called  Stahlberger,  a  broad  Tein,  aU 
moft  horizontal,  occurs  from  twenty-five  to  thir- 
ty fathom  thick.  This  confifts  of  an  irregular 
fpar,  in  which  are  difperfed  quartz,  and  pieces 
of  the  ore,  which  are  found  of  a  better  quality^ 
in  proportion  as  they  are  more  deeply  feated. 
The  pendent  fide,  which  is  uppermoft,  is  com- 
pofed  of  a  fandy  ftone  from  nine  to  twenty  fa* 
thom  high  ;  but  the  lower,  which  is  the  foun* 
dation,  is  margaceous,  and  is  found  more  indu« 
rated  towards  the  lower  parts,  and  at  the  very 

loweft 
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loweft  is  extruded  by  a  blue  mica;  the  fides 
kttcdj  ediere  to  the  vein. 

In  Nauflavia,  the  whole  mountain  feems  to 
ionfift  of  a  yellowiih  ore  of  iron,  certain  veins 
of  which  are  accompanwd  with  copper^  others 
vjth  haematites. 

hi  Upper  Stiria,  at  Eifenarg,  is  fituated  Arz* 
bogy  in  circuit  6,000  £tthoms,  in  diameter  900^ 
aid  in  height  450.  It  is  defcribed  by  fome  as 
irregularly  accumulated  and  concieted,  and  as 
confifting  of  mafles  of  quartz,  charged  with  ar- 
gOlsceous  earth  and  white  ore  of  iron;  but 
odiers  contend,  that  the  ore  is  there  found  not 
mij  in  heaps,  htt  idfo  in  various  veins. 

France  and  Spain  produce  great  quantities  of 
dideores. 

The  examples  above  cited  feem  to  indicate, 
diat  the  white  ores  of  iron  are  found  ibmetimes 
in  heaps,  but  that  they  alfo  form  fometimes 
veins,  fometimes  ftrata,  and  fometimes  whole 
mountains.  I  have  never  found  that  they  con* 
t^ned  any  organized  bodies,  a  mark  by  which 
the  moft  ancient  produ&ions  of  the  earth  have 
been  diftinguifhed. 

5  IV.  Properties  of  thefe  Ores  examned  by  the 
Blow-pipe. 

Experiments  with  this  inftrument,  although 
made  upon  finall  pieces,  yet,  in  general,  ihew 

the 
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the  nature  of  the  fubftance  examined  with  cort* 
iiderable  certainty,  and  point^out  the  methocf  of 
treatment  proper  for  larger  quantities :  Thcie- 
fore  it  is,  that  I  am  of  opinion  we  (hould  b^ia 
our  experiments  in  that  way. 

(a)  The  white  ore  of  iron,  expofed  to  die 
flame,  at  firft  is  apt  to  decrepitate,  and  thai  the 
more  violently,  as  it  is  of  a  more  cryftaffiae 
texture ;  fo  that  that  which  is  of  a  deafe  tec- 
ture,  and  vHbofe  particles  are  fcarcdy  difcem^ 
ibie,  decrepitates  little  or  none.  A  certain  da^ 
gree  of  fpontaneous  calcination  alfo  overpowos 
this  decrepitating  quality. 

Another,  and  a  more  remaikable  effeSt  of  ite 
fire,  18  a  fudden  change  of  colour :  The  whke* 
nefs  foon  changes  to  a  brown,  which  quickly 
gives  place  to  a  blacknefs,  which  cannot  be  £& 
charged  even  by  violent  and  long-continuecl 
heat. 

A  piece  of  the  ore,  when  blackened  by  the 
fire,  is  always  attracted  by  the  magnet,  aldiougb^ 
as  is  frequently  the  cafe,  it  had  not  been  obe-» 
dient  to  it  before. 

But  the  ore  alone  is  not  fufed  without  great 
difficulty,  though  the  fire  be  violent  and  lon^ 
continued.  Upon  fufion  it  again  eludes  the 
force  of  the  magnet. 

(b)  a  fmall  portion,  added  to  a  globule  of 
ihicrocofmic  fait  in  fufion,  is  difibived  with  mpnf 
or  iefs  effervelcence,  and  imparts  an  iron  colotif i 

that 
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tluit  is,  a  greenifli  or  a  yellowifli  brown,  whicb, 
upon  cooling,  grows  weak,  and  at  length  ea-^ 
tirely  Taniflies. 

When  the  globule,  after  cooling,  is  again  fof- 
te&ed,  not  by  the  interior  and  blue  cone  of 
ibme,  but  by  the  exterior  and  lefs  defined  part, 
ft  red  colour  is  generated,  which  alfo  vaniihes 
upon  Pooling.  This  is  ma(je  more  diftinA  by 
the  addition  of  a  fmall  piece  of  nitre,  but,  upon 
cooling,  is  weakened.  Fufion  by  the  blue  cone, 
continued  foi^  fome  tiAie,  extinguifhes  the  red- 
nefs,  fo  that  the  iron  tinge  appears.  In  this 
way  the  red  colour  may  be  many  times  alter* 
mitely  difcharged  and  renewed. 

Whto  the  globule  is  fuperfeturated  with  the 
£ilt,  upon  cooling  it  grows  opake,  white  or 
black,  according  to  the  different  quantities  of 
the  calx  and  the  iron  ;  and,  in  the  latter  cafe, 
it  fometimes  pofTefTes  a  metallic  fplendour. 

A  variety  in  the  proportion  of  the  principles 
occafions  great  changes  in  the  phasnomena : 
Thus  the  original  effcrvefcence  is  both  more 
vifible  and  more  durable  when  the  calx  abounds. 
When  the  iron  is  deficient,  its  colour  can  fome- 
tunes  fcarcely  be  difcerned  ;  and,  when  the 
quantity  of  manganefe  is  very  fmall,  and  that  of 
iron  large,  the  rednefs  fcarcely  appears  without 
the  addition  of  the  nitre. 

(c)  The  white  ore  of  iron  is  diflblved  in  the 
fame  manner  by  borax,  via.  the  effcrvefcence  is 

Vol..  11.  N  more 
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more  or  lefs  confpicuous,  according  to  the  quax^« 
tity  of  calx. 

The  vitreous  globule  frequently  acquires  anob- 
fcure  reddilh  yellow  colour,  which  yet,  upon  the 
continued  application  of  the  blue  cone,  is  total- 
ly deftroyed,  the  martial  tinge  remaining :  But 
by  nitre,  or  by  foftening  alone,  which  is  effcftcd 
by  the  exterior  cope,  the  hyacinthine  colour 
above  mentioned  again  appears.  Thefe  changes 
may  be  produced  at  pleafure. 

By  fuperfaturation  the  globule  becomes  o* 
pake,  black  or  white. 

'  (d)  The  mineral  alkali,  fufed  in  a  fiWff 
fpoon,  takes  up  the  ore  with  an  effervefcence 
more  or  lefs  remarkable,  yet  divides  it  bul  lit- 
tle ;  nor  is  the  milky  globule  rendered  browOi 
unlefs  by  a  larger  addition,  and  a  longer  cond* 
nued  fire,  and  then  it  grows  black. 

(e)  Thefe  experiments  fhew  that  the  ore  con- 
tains lime  fomewhat  filiceous,  iron,  and  man- 
ganefe ;  and,  although  thefe  ores  may  appear  to 
many  of  little  confequence,  yet  they  have  dif- 
covered  to  me  a  new  metah,  which  by  other 
means  could  not  be  difcovered.  The'  proper- 
ties of  manganefe,  hereafter  explained  (§  vii.)f 
will  illullrate  this  aflertion  more  fully. 


Sv. 
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S  V,  Properties  of  thefe  Ores  examined  by  the  Via 
Sicca. 

(a)  100  parts  finely  powdered,,  and  expofed 
upon  a  tile  to  the  fire,  grow  quickly  black,  and 
become  obedient  to  the  magnet.  lii  this  expe- 
riment fometimes  red  fpots  sippear  here  and 
there,  bc^afioiied  by  the  admixture  of  pyrites. 
An  heat  of  two  or  three  hours  occafions  a  lofs 
of  weight  different  according  to  the  variety  of 
the  ore  ;  the  lofs  is  at  the  lead  1 5,  and  at  the 
mod  40  aflay  pounds*  By  a  longer  continu- 
iQce  of  the  heat,  the  lofs  is  not  increafed,  not 
doet  the  black  colour  difappear,  nor  are  any 
figns  of  fufion  to  be  obferved. 

On  calcination,  no  fmell  is  perceptible,  unlefs 
there*  be  an  admixture  of  fome  pyritous  parti- 
cles. 

Wheti  the  pieces  are  fufficiently  roafted,  and, 
sfter  cooling,  put  into  water,  they  often  gene- 
tate  heat,  and  form  a  fort  of  lime-water. 

(b)  In  order  to  learn  the  nature  of  the  fub- 
flancc  expelled  by  fire,   100  of  the  pulverized 
ore  was  put  into  a  fmall  retort,  to  which  was 
adapted  a  receiver,  which,  by  a  lateral  tube, 
concluded  the  elaftic  fluid  into  a  glafs  vefiel  full 
of  water,  and  inverted  }  the  fire  was  then  gra- 
dually increafed,  until  the  bottom  of  the  retort 
began  to  grow  foft :    In  the  mean  time,  a  fmall 
quantity  of  liquor  was  found  in  the  retort^  but 

N  a  in 
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in  the  inverted  glafs  a  large  quantity  of  eIaJ& 
fluid. 

The  liquor  in  the  receiver  was  found  of  a& 
aqueous  nature,  but,  for  the  moft  part,  fo  finaD 
in  bulk,  as  fcarcely  to  be  colleded,  (eldom  fc 
much  as  o,i,  and  never  exceeding  0,2.  Tb 
ore,  when  perfeft  and  cryftallized,  ufually  yiddl 
a  little  more  water  than  when  broken  down  b)[ 
fpontaneous  calcination,  or  when  naturally  deft* 
fer* 

The  elaftic  fluid,  when  confined  by  mercoijti 
fometimes  occupied  30  cubic  inches,  butiai 
generally  lefs.  On  examining  this,  it  was  fouad 
to  be  mofUy  abforbed  by  water,  and  to  cdaai^ 
nicate  to  it  a  pungent  acidulous  tafte,  togcM 
with  the  property  of  making  the  tiii£hM  of 
turnfole  red.  It  precipitated  lime-water,  exiii* 
guiflied  flame,  and  deftroyed  animal  life.  Thdb' 
properties  fliew  it  to  be  the  aerial  acid.  The 
portion  which  remains  and  refufes  to  unite  «tt 
water,  is  common  air,  which  doubtlefi  n^aiK 
ftrft  contained  in  the  retort.  When  the  tetU 
acid  is  feparated  by  water,  a  fpecies  of  defiagn* 
tion  takes  place ;  yet  it  (hould  be  obferved,  tte 
inflammable  air  is  almofl  always  abfent. 

The  black  refiduum  in  the  retort,  thongkit 
be  not  ignited,  is  fometimes  attracted  bf  ^ 
magnet, 

(c)  This  ore,  pulverized  and  ftrewn  1^ 
hot  coals,  exhibits  a  kind  of  phofphoric  appetf* 

ance, 
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,  which  is  light  and  momentary  j  but,  when 
fXfokd  to  fire  alone  in  a  clofe  crucible,  it  quick- 
ly  liquefies,  and  perforates  the  bottom.  This 
dEA  Is  occafioned  by  the  calcareous  earth  in 
ik  ore  diflblving  the  filiceous  and  argillaceous 
Mtbof  the  veffel.'  Thefe  three,  when  mixed, 
ofity  flow;  and  befides,  the  calxes,  both  of 
ma  and  manganefe,  which  are  here  prefent, 
fRNDOte  the  vitrification  very  much. 

(n)  The  powder,  let  fall  into  nitre,  fiifed  and 
fpited,  fhews  no  diftind  detonation,  but  a 
mdding  is  heard. 

(i)  I  have  attempted  the  reduction  of  thefe 
eta  by  many  different  ways,  but  it  is  only  ne- 
Mfay  to  mention  thofe  which  are  particularly 
Mai  in  the  extradion  of  iron. 

The  firft,  mod  fimple,  and,  in  many  cafes, 
the  beft,  is  this  :  The  bottom  of  a  crucible  is 
covered,  to  the  thicknefs  of  about  half  an  inch, 
wAi  powdered  charcoal.  This  powder  is  moi- 
loied  with  water,  mixed  with  a  fmall  portion 
of  argillaceous  earth,  fo  that,  upon  compreilion, 
the  particles  may  the  better  adhere  together, 
and  to  the  crucible.  The  fides  are  lined  in  the 
fittne  way,  but  thinly.  The  fuperficies  of  the 
^um  ought  to  be  rather  concave,  fo  as  to  re- 
cci?e  in  the  lower  part  100  of  pulverized  ore, 
€(nrcred  with  calcined  borax ;  for  that  whicli 
lili  retains  the  water  of  cryftallization  upon 
iQiIingy  diiperfes  many  particles  of  the  ore. 
N  3  Finally, 
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Finally^  another  crucible  is  to  be  inverted,  and 
luted  on,  and  the  whole  expofed  to  a  proper  fire. 

The  fecond  method  is  this  :  loo  of  the  ore, 
mixed  with  an  equal  weight  of  mineral  fluor, 
and  half  of  apyrous  clay,  is  put  into  a  crucible, 
prepared  after  the  manner  above  defcribed,  and 
treated  in  the  fame  w^iy,  but  without  the  addi* 
tion  of  borax- 

The  third  is  direfted  by  D.  SchefFer:  To  i 
part  of  ore  are  added  i  of  tartar,  i  of  charcoal- 
duft,  I  of  ^afs,  I  of  white,  and  2  of  black  flux ; 
the  mixture  is  put  into  a  crucible  prepared  witht 
out  lining,  and  (hut  as  before. 

The  fourth,  vfhich  has  been  long  in  ufe,  is 
defcribed  by  Snack,  and  is  preferred  to  all  othm 
by  D.  A.  Swab,  although  it  is  very  complex : 
To  100  of  the  ore  are  added  an  equal  weiglit, 
or  I  op,  of  fal  ammoniac,  100  of  tartar,  100  of 
glafs  gall,  50  of  borax,  50  of  charcoal*duft,  and 
of  black  flux  200 ;  the  mixture,  put  into  an  un* 
prepared  crucible,  is  covered  with  common  fait, 
and,  being  cover<jd,  expofed  to  the  fire. 

In  order  to  compare  thefe  difl'erent  methods, 
with  refpect  to  the  white  ore  of  iron,  I  treated 
different  portions  of  it  according  to  all  the  dif. 
ferent  methods,  and  that  without  previous  caU 
cination,  which  in  this  inftance  is  of  no  effed. 
That  which  1  tried  was  a  fpathous  fruftum,  not 
yet  injured  by  calcination,  brougljljfrom  £ife« 
nartz,  in  Upper  Stiria. 
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Of  this  100,  according  to  the  firft  me- 
thod, yielded  of  a  regulus  nearly  of  the     lb. 
fplendour  of  filver     -        -     -        -        42 
1    According  to  the  fecond,  of  a  regulus  of 
an  afli  colour         -  *        *       *         39 

By  the  third,  a  regulus  of  an  afh' colour, 
but  nearly  cryftallized  on  the  furface        29^ 

By  the  fourth,  of  a  regulus  alrnod  white 
and  fplendid         ...         -  36 

I  found  nearly  the  fame  progreilion  to  hold 
rah  the  ore  of  Naflau,  and,  with  the  other  ores, 
oamined  in  the  fame  way.  In-  general,  the 
weight  of  the  regulus  never  attains  to  50,  but 
is  often  30,  20,  10,  nay  even  fometimes  no 
more  than  2,  though  the  ore  has  been  made 
biadL  by  roafting,  and  is  attracted  by  the  mag- 
W, ;  but  hereafter  it  will  be  demonftrated,  that 
the  blacknefs  by  fire  is  not  occafioned  by  the 
iron,  but  by  manganefe.  The  pureft  calcare- 
<wi  (tones  are  feldom  entirely  without  iron. 
The  cleared  Iceland  fpar  grows  red  by  long 
calcination,  and,  even  by  the  humid  way,  yields 
1^  metal  to  phlogifticated  alkali. 

The  ores  which  are  fo  poor  as  not  to  yield  a 
^lus  without  difficulty,  are  ufually  brought 
to  that  (late  by  a  fmall  quantity  of  white  arfe- 
^>  or  rather  of  litharge  ;  for,  by  this  method, 
*c  fcorii  is  made  thinner,  and  the  fmall  glo- 
^Ics  permitted  to  fubfide  and  colleft. 

N  4  S  ^i- 
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§  VI.   Properties  of  thefe  Ores  examined  by  ibt 
humid  way. 

(a)  The  white  ores  of  iron  cffervefce  indeed 
with  acids,  but,  in  general,  more  weakly  thw 
the  calcareoust  ftones ;  and  fometimes  no  nfo- 
tion  is  obferved,  unlefs  pulverization  and  heat 
be  both  employed.  That  calcareous  earth  is 
prefent,  will  appear  from  what  follows :  But  the 
reafon  why  it  only  efFervefces  flowly,  is  to  be 
fought  partly  in  its  proportion,  and  partly  in  its 
intimate  connedion,  with  the  other  principles. 

(b)  All  thofe  acids  which*  are  ufually  called 
mineral,  diflblve  this  ore,  if  it  be  well  pulveri* 
zed,  and  a  due  degree  of  heat  applied.  The  fo- 
lution  made  by  vitriolic  or  marine  acid  is  gene- 
rally of  a  yellow  green  ;  that  by  the  nitrous  of 
a  red  or  yellow  brown  :  The  marine  acid  dif. 
folves  it  fooner  than  the  reft.  ITiefe  colours 
vary  a  little,  in  proportion  to  the  quantity  of 
metallic  parts.  Sometimes  a  brown  rednefs  at 
firft  appears,  which  then  vani(hes,  but  fometimes 
perfifts,  unlefs  fugar,  or  fome  fubftance  rich  in 
phlogifton,  be  added. 

Al  noft  always  fomewhat  remains  undiflblved, 
which  yet,  upon  examination,  appears  to  be  of 
a  different  nature.  I  have  frequently  feen  grains 
offchoerl,  zeolith,  quartz,  mica,  nay  fibres  of 
albeftos  intermixed :  But  thefe  are  foreign  mat« 
terS|  which,  although  they  fometimes  form  above 
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0,^  of  the  mafs,  yet  are  not  a  neceflarj  compo* 
^eot  part  of  the  ore. 

The  fohition  made  by  vitriolic  acid,  upon 
evaporation  yields  green  martial  cryftals ;  and 
that  made  in  marine  acid,  without  heat^  (bme* 
times  by  fpontaneous  evaporation  concretes  in- 
to ^)athaceous  forms,  compofed  of  hollow  pyra« 
Buds* 

(c)  During  the  folution  an  elaflic  vapour 
^fiapes,  which,  when  extricated  by  vitriolic  or 
Qaiiae  acid,  is  not  inflammable,  even  although 
^e  crude  ore  be  attraded  by  the  magnet. 

The  quantity  of  water  is  eafily  difcovered  by 

performing  the  operation  in  a  large  bottle^ 

^fed  fo  as  to  give  exit  to  the  elaftic  fluid,  but 

'^c)^  to  the  moifture ;    for  the  diminution  of 

height,  in  this  cafe,  indicates  only  the  volatile 

9^^ial  fluid ;  whereas  the  lofs  fufiered  during 

ca^lcination,  fliews  the  weight  both  of  the  elaftic 

fluod  and  of  the  water. 

^d)  As  the  various  qualities  above  mentioned 

^*^^cate  the  prefence  of  lime,  I  auempted  to  fe« 

l^^Tate  it  in  the  following  way :  Let  a  portion  of 

^e  pulverized  and  calcined  ore  weighed,  be 

^vit  into  diluted  nitrous  acid,  and  let  the  mix* 

^ure  be  fhaken  for  a  quarter  of  an  hour ;  after 

^hich,  let  the  powder  be  colleded  on  a  filter, 

and  the  clear  liquor  precipitated  with  aerated 

flxed  alkali :  By  this  method  a  white  fediment 

was  obtained,  which,  upon  examination,  fliewed 

all 
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all  the  properties  of  lime.  I  employed  the  ca/* 
cined  mineral,  and  the  nitrous  acid,  left  my 
thing  metallic  fhould  be  taken  up  during  the 
fhort  agitation,  otherwife  the  end  might  be  an- 
fwered  by  the  marine  acid  ;  but  then  it  is  ne- 
ceffary,  in  evaporating  the  folution  to  dryncft, 
to  expofe  it  to  a  more  intenfe  heat,  that  the  dif- 
folved  metal  may  be  fpoiled  of  its  menftruum  ( 
for  the  lime  retains  the  menftruum  more  obfti- 
nately :  Hence,  after  this  operation,  the  falited 
lime  may  be  elixated  from  the  refiduum  by  wa- 
ter, and  precipitated  by  an  alkali. 

The  weight  of  Jime  varies  much ;  in  ferae 
ores  I  found  a  few  hundredths  ;  in  the  fpatha* 
ceous  kind,  about  o,i  confifts  of  lime ;  in  a- 
thers  0,5  ;  but  it  is  never  entirely  wanting. 

(e)  Into  a  folution  of  the  ore  made  with  the 
pureft  marine  acid,  I  poured  a  few  drops  of  fo- 
lution of  terra  ponderofa  in  the  famemenftruum  j 
but  the  tranfparency  was  not  in  the  leaft  dif- 
turbed;  from  whence  I  conclude,  that  there  is  no 
vitriolic  acid  prefent. 

(f)  The  fame  is  true  of  the  marine  acid ;  for 
I  examined  the  fmall  portion  of  water  expelled 
folely  by  heat  in  the  diftillation,  (§  v.  b),  and 
could  not,  even  by  paper  tinged  with  tumfole, 
difcover  any  traces  of  an  acid.     I  alfo  poured 
concentrated  vitriolic  acid  upon  the  powdered 
ore  in  a  retort,  and  into  the  receiver  a  fmall 
quantity  of  diftilled  water,  as  water  very  greed- 

ily 
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iiy  attrads  the  marine  acid  in  a  ftate  of  vapour ; 
but  neither  by  the  fmell,  by  any  vifible  vapour, 
Bor  by  precipitants,  could  I  difcover  the  fmalU 
eft  figns  of  a  mineral  acid,  unlefs  the  heat  was 
increafed  to  fuch  a  degree  as  to  force  over  fome 
of  the  vitriolic  acid.  The  water  in  the  receiver 
was  not  at  all  difturbed  by  folution  of  filver,  al- 
though,  upon  touching  it  with  the  end  of  a  ^lafs 
rod  wet  with  marine  acid,  the  filver  was  irnme^ 
diately  precipitated^  and  a  white  fediment  fepa- 
rated. 

I       I  conclude,  therefore,  with  reafon,  that  the 
ntriolic  and  marine  acids,  if  they^  fometimes 
bappen  to  be  prefent,  do  not  belong  to  the  pro- 
per compofition  of  the  ore ;  and,  in  fa&,  how 
could  the  aerial  acid  exift  together  with  thefe, 
lacing  eafily  expelled  by  eithei;  of  them  ?  and 
J^w  could  the  marine  acid,  which  with  lime 
^d  iron  forms  deliquefcent  falts,  in  this  cafe 
ft^rm  with  them  an  ore  which  not  only  remains 
^^^  in  the  open  air,  but  even  undergoes  fpon« 
^^^eous  calcination  ? 

S  VII.    Principal  Properties  of  Manganefe. 

^    I  have  hitherto  frc*quently  named  manganefe, 
^^d  mentioned  feveral  circumftances  which  can- 
not be  properly  underftood  without  previoufly 
^nfidering  its  nature.     It  is  neceffary,  there- 
fore, before  we  proceed  further,  to  defcribe  the 

principal 
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principal  properties  of  this  fubftance,  fo  £tt  a^ 
they  have  hitherto  been  difcovered. 

(a)  The  mineral  fubftance  which  is  called 
black,  or  glafs»makers  magnefia,  is  fcarcely  any 
thing  more  than  the  calx  of  a  new  metal* 

It  is  many  years  fmce  I  began  to  fufped  that 
fome  metal,  different  from  all  ihofe  formeriy 
known,  lay  concealed  in  magnefium,  being 
partly  led  to  this  opinion  by  the  fpecific  gravitj, 
partly  by  its  property  of  tinging  glafs,  and  part- 
ly by  its  feparating  fi-om  menftrua  on  the  addi^ 
tbn  of  phlogifticated  alkali,  a  circumftance 
which  takes  place  ^ith  all  the  metals,  but  not 
wiA  any  earth.  In  the  mean  time,  I  attempted 
the  redudion  of  it  in  various  ways,  but  in  vain; 
for  either  the  whole  mafs  ran  into  Icorias,  or  I 
obtained  only  difcrete  fpherical  atoms,  fo  mudi 
loaded  with  iron  as  to  be  magnetic.  On  ac« 
count  of  its  being  fo  difficult  of  fuiion,  I  at  fiift 
imagined  it  had  feme  affinity  with  platina.  M 
length  Mr  Gahn,  without  knowing  any  thing 
of  my  experiments,  fucceeded  in  obtaining  lar* 
ger  pieces  of  regulus,  by  means  of  a  mod  in* 
tenfe  heat ;  and  Mr  Scheele,  in  1774,  publiflied 
feveral  curious  fads  relating  to  manganefe.  The 
principal  things  refulting  from  the  experiments 
of  thefe  gentiemen,  and  from  my  own,  fhall  te 
the  fubjeft  of  the  following  pages. 

(b)  The  reduclion  is  effefted  in  the  follow- 
ing way  :   A  certain  quantity  of  manganefe, 

formed 
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fonned  with  oil  or  water  into  a  ball^  is  pot  into 
a  cradble  prq>ared  with  charcoalrduft,  as  be- 
fim  ddcribcdy  (S  v.  b),  the  emptj  fpKe  is  then 
iifled  op  with  charcoai-duft ;  another  crocible 
iiimFCited  by  way  of  corer^  and  loted,  and  the 
idiole  apparatus  expofed  to  die  moft  intenfe 
lot  w4i^  die' laboratory  canjproduce,  for  an 
hoar,  or  more,  if  neceflary.  The  YtSds  being 
cooled  and  emptied,  a  regains  is  formed^  Ibme* 
jama  confifting  of  many  pieces^  which^  coUeded, 
it  feme  ca&s  amount  to  0,3  of  the  manganefi^ 

If  die  fire  be  weaker  than  neceflary,  either  no 
redttftion  takes  place,  or  the  metallic  pardcles 
ut  difcrete,  not  being  fo  fukd  as  to  run  pro- 
periy  together.  If,  during  the  operation,  the 
crucible  fidls,  fo  that  the  metal  Ihall  touch  the 
idbed  fide  of  the  veflel,  vitrification  is  ineritable. 

(c)  The  metal  obtained,  which  I  call  manga** 
lefe,  is  about  the  fpecific  gravity  6,850. 

The  furface  is  generally  brown,  and  the  lar- 
ger pieces  of  regulus  are  fcarce  ever  found  glo- 
bular, but  knotty  and  irregular,  which,  no 
doubt,  is  owing  to  the  difficulty  of  fufion,  in 
^liuch  it  feems  to  exceed  even  forged  iron. 

Being  harder  than  iron,  it  breaks  under  the 
itsmmer :  The  fracture  is  irregular  and  rough, 
^th  a  fort  of  whitifh  metallic  fplendour,  which 
'oon  fpontaneoufly  grows  brown.  Even  the 
^aitr  pieces  are  not  magnetic  ;  but  the  pow- 
der is  generally  obedient  to  the  magnet,  though 

the 
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the  admixture  of  iron  be  avoided  with  all  poC^ 
fible  care. 

Some  fmall  pieces,  expofed  to  the  fire  hi  aot 
Heffian  crucible,  in  a  blaft-furnace,  and  kepC 
there  for  twenty  minutes,  yielded  a  yellowillm 
brown  glafs,  and  a  fmall  globule  of  iron.  Here 
a  remarkable  difference  between 'the  two  metals 
is  obferved,  the  manganefe  vitrifies,  the  iron 
perfifts,  and  is  formed  into  a  regulus. 

The  regulus,  when  well  fufed,  generally  per« 
fills  in  a  dry  place,  but  fometimes  undergoet 
fpontaneous  calcination,  and  falls  into  a  brown- 
i(h  black  powder,  which  is  found  fomewhat 
heavier  than  the  perfeft  metal ;  yet,  whenfireih^ 
contains  fo  much  phlogifton  as  to  produce  ifl* 
flammable  air,  on  folution  in  vitriolic  acid.  Thii 
phlogifton  it  lofes  by  time.  The  caufe  of  tliif 
fpontaneous  refolution  is  not  yet  fufEciently  ex- 
plained ;  but  it  appears  very  probable,  that,  on 
account  of  the  weaknefs  of  the  fire,  the  parti- 
cles fometimes  coalefce  fo  imperfeftly,  that| 
when  the  dephlogiftication  again  begins,  they 
cafily  lofe  their  mutual  connefiion.  Moifture, 
but  particularly  the  accefs  of  aerial  acid,  afiifts 
this  operation.  A  fmall  piece,  put  into  a  dry 
bottle,  well  corked,  remained  perfeft  for  the 
fpace  of  fix  months,  but  afterwards,  expofed  to 
the  open  air  of  a  chamber  for  two  days,  con- 
traftcd  a  brownnefs  on  its  furface,  together  with 
fo  mucK  friability  as  to  crumble  between  the 

fingers. 
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fingers.  The  internal  parts,  however,  retained 
an  obfcure  metallic  fplendour,  which  difappear- 
ed  in  a  few  hours.  A  piece  more  fully  impreg- 
nated with  iron  reiifts  the  a&ion  of  the  air  bet- 
ter. 

(d)  It  melts  readily  with  other  metals,  pure 
mercury  excepted.  Copper^  united  with  a  cer- 
tain quantity  of  it,  is  extremely  malleable ;  but, 
upon  the  furface  of  this  mixture,  when  poliihed, 
fcarce  any  traces  of  the  red  colour  are  to  be 
feen.  This  mixture  fometimes,  by  age,  pro- 
duces a  green  efflorefcence*  Tin  very  eafily 
unites  with  manganefe  j  but  zinc  not  without 
much  difficulty,  perhaps  on  account  of  its  vola- 
tile and  inflammable  nature.  White  arfenic  ad- 
heres to  it,  and,  by  means  of  phlogifton,  reduces 
it  to  a  metallic  form. 

(£)  Manganefe,  calcined  by  fire,  yields  a 
Uackiih  calx  ;  but,  if  the  ignition  be  continued 
for  twelve  days,  it  acquires  a  dark  green  colour : 
Sometimes  alfo  it  produces  a  white  or  a  red 
calx,  both  of  which  we  fhall  treat  feparately  (g). 
T^t  black  calx  retains  a  very  fmall  portion  of 
phlogifton,  but  the  white  abounds  with  it  fo 
much  that  it  is  foluble  in  acids. 

All  thefe  varieties,  in  a  common  crucible,  by 
means  of  a  fufficient  degree  offire,  run  into  a 
ydlowifli  red  glafs,  which  is  pellucid,  unlefs  too 
peat  a  degree  of  thicknefs  renders  it  impervi- 
^tts  to  the  rays  of  light. 

The 
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The  black  €alx  of  manganefe,  by  a  peculias 
energy,  when  mixed  with  other  fubftances,  at 
tTz£k$  piilogiftony  and  exhibits  feverai  remaik 
aUe  pfasenomena  both  by  fire  and  folntion ;  th« 
chief  of  which  we  fhall  confider,  beginning  wid 
thofe  which  occur  in  fo&on. 

(f)  In  order  to  difcoTer  the  gexrafne  habk 
of  this  fubftance,  we  muft  employ  the  bldir 
pipe }  for,  by  means  of  ihh  faiftruttieAt,  Mre  cafl 
diftindly  fee  all  the  facceffive  changes  oecaJdfr 
ed  by  fire,  from  the  beginning  to  the  end. 

Let  a  globule  of  microcofmic  fiilt  be  fiifed 
upon  the  charcoal,  and  to  it  be  abided  a  fikul 
portioix  of  the  black  calx :  Let  this  mixture  tM 
fdfed,  by  means  of  the  interior  blue  flame,  kt 
a  few  minutes,  and  it  will  yield  a  bluifli  red  pi* 
lucid  glafs ;  but,  if  the  quantity  of  calx  U 
greater,  it  is  of  a  rich  red.  Let  it  be  again 
fufed,  but  for  a  longer  time,  and  we  fhall  find 
the  tinge  totally  deftroyed.  Let  the  globule^ 
which  is  now  colourlefs,  be  foftened  by  the  ex- 
terior flame,  and  the  colour  quickly  retunU) 
and  may  be  again  diicharged  by  continued  fb- 
fion.  ITie  fmalleft  particle  of  nitre,  too,  added 
to  the  glafs,  inftantly  reftores  the  red  colouf ; 
whereas  fulphur,  and  the  falts  containing  vitri* 
olic  acid,  contribute  to  difcharge  it ;  as  alio  do 
the  metallic  calxes,  although  thefe,  in  proper 
quantity,  communicate  each  its  own  pardcolat 
colour. 

The 
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TThe  glafs  globule,  after  being  deprived  of  all 
colour,  if  fufed  in  a  filver  fpoon,  recovers  its 
ledneis,  which  it  retains  notwithftanding  a  long 
continued  fiifion.  Inflammable  additaments  in- 
deed  extinguifli  the  colour,  but  this  is  eafily  re- 
fiored  by  fiiiion ;  nor  can  it  again  be  difcbarged 
inthout  a  new  addition. 

Thcfe  changes  are  agreeable  to  the  eye,  and 
of  themfelves  very  remarkable.  Upon  confi« 
Bering  the  whole,  it  will  readily  appear,  that  the 
cauXe  of  them  is  to  be  fought  in  theidifierent 
qu^jitities  of  phlogifton.  Let  us  firfl  examine 
the  moft  fimple  cafe.  The  globule  of  micro- 
cofxnic  £adt  fufed,  coniifls  of  the  pbofphoric  acid 
only,  partly  laturated  with  mineral  alkali.  The 
dilejigaged  part  muft  therefore  neceflGuily  attraft 
pl^l€)giIlon  from  the  ignited  charcoal,  which  is 
agsun  taken  from  it  by  the  calx  of  the  manga- 
nelig.  Now  this  calx,  by  a  certain  degree  of 
pt^logifton,  is  reduced  to  fuch  a  (late,  that  it  ex- 
bibits  no  tinge,  almoft  in  the  fame  manner  as 
th^  feven  primitive  colours  when  collefted  form 
^J^^  light  of  day,  at  once  white  and  tranfparent. 
N^ow,  whatever  dephlogifticates  the  glafs,  de- 
P^ved  of  this  tinge,  reftores  the  rednefs  ;  and 
this  is  effeded  by  the  nitre  and  the  exterior 
fl^f^e, 

Thcfe  changes  cannot  take  place  in  the  filver 

fpoon,  becaufe,  in  this  cafe,  the  fupport  does  not 

fepply  any  phlogifton  j  and  therefore  the  colour- 

VoL.  IL  O  lefs 
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lefs  globule  fufed  upon  it,  is  quickly  deprivec} 
of  the  quantity  of  phlogifton  it  had  before  im* 
bibed  by  the  furrounding  air  ;  a  lofs  which,  i& 
this  inftance,  cannot  be  repaired,  and  therefore 
the  globule  continues  red. 

The  additaments  capable  of  deftroying  tbe 
colour  are  fuch  as  naturally  contain  phlogiftoo, 
fuch  as  fulphur  and  white  arfenic  ;  or,  at  leaft, 
fuch  as  eaiily  take  it  up  from  the  coal,  fuch  ii 
gypfum  and  the  other  fklts  containing  vitriolic 
acid,  which  thus  readily  run  into  fulphun  The 
metallic  calxes,  too,  are  of  fuch  a  nature,  tbat 
^hey  take  phlogifton  from  burning  charcoal, 
which  they  are  immediately  obliged  to  give  up 
to  the  calx  by  means  of  its  fuperior  attra&bik 

The  phenomena  above  defcribed  and  explam* 
ed  alfo  take  place  with  borax,  but  with  km 
difference.  The  colour  with  microcofmic  fiik  is 
a  bluifli  red ;  that  with  an  equal  quantity  of 
borax,  a  yellowifh  red  ;  but,  in  both  cafes,  by 
faturation,  the  fame  intenfe  red  is  obtained.  By 
fufion  upon  charcoal,  too,  the  tinge  is  not  d^ 
ftroyed  fo  foon  in  the  latter  cafe,  as  borax  at- 
trafts  phlogifton  with  lefs  force  than  the  phot 
phoric  acid  does. 

If  a  fmall  quantity  of  calx  of  manganefe  be 
added  to  an  alkali,  either  vegetable  or  mineni, 
fufed  in  a  filver  fpoon,  and  the  fire  continoed 
for  a  few  minutes,  the  globule  foon  becomes  of 
a  whitifh  blue  j  or,  if  any  iron  be  prefent,  it  ac« 

quire? 
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quires  a  green  tinge ;  By  a  larger  quantity,  the 
colour  is  made  more  intenfe,  even  fo  far  as  to 
appear  nearly  black ;  but  the  mafs  fufes  flowly, 
and-  by  being  marked  with  fpots,  fhews.  an  une- 
qual diftribution.    If  to  the  fufed  mafs  be  added 
either  powder  of  charcoal  or  white  arfenic,  the 
calx  of  the  manganefe  is  phlogifticated,  and  the 
colours  perifh  ;   Hence  it  appears  why  common 
cryftalline  glafs  grows  red  by  the  admixture  of 
manganefe ;  but^  if  the  alkaline  fait  prevails  iik 
it,  it  contrads  a  violet  colour. 

Nitre,  fufed  in  the  fpoon,  flows  about ;  but^ 
added  in  fmall  quantities  to  the  alkaline  fait, 
•  does  not  deftroy  its  globular  figure.  In  this 
cafe  the  colour  is  changed  to  a  green,  by  the 
addition  of  a  fmall  quantity  of  calx  of  manga- 
nefe, on  account  of  the  calcined  iron  prefent  in 
die  blue  mafs. 

Many  of  thefe  changes  take  place  in  a  cruci«< 
ble,  but  not  all.  The  red  glafs,  indeed,  upon 
the  addition  of  powdered  charcoal,  efifervefces, 
and  is  deprived  of  its  tinge  ;  but  the  falts  con- 
taining vitriolic  acid,  and  the  ignoble  metallic 
calxes,  (except  white  arfenic,  which  eafily  yields 
its  phlogifton),  arc  of  no  effeft  ;  for,  although 
the  veffel  be  red  hot,  neither  the  acid  nor  the 
calxes  are  thereby  fufficiently  loaded  with  phlo- 
gifton, and  that  portion  which  they  naturally 
contain,  in  this  cafe  is  not  feparated  :  I'he  con-, 
iaft  of  ignited  coal  is  neceffary. 

O  3  Thefe^ 
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Thefe  things  being  known,  it  .will  not  be  dif- 
ficult to  explain  the  ufe  of  manganefe  in  tk 
purification  of  glafs ;  for  the  iron,  which  ccwtau 
minates  a  vaft  number  of  bodies,  adheres  not 
only  to  the  alkali,  but  to  the  filiceops  earth  of 
which  the  glafs  is  compofed.    Now  this  metal, 
in  order  to  enter  the  texture  of  glafs,  maft  be. 
deprived  of  a  certain  quantity  of  ph^ogiftoQi 
The  great  quantity,  however,  of  that  prindfde 
with  which  it  is  capable  of  entering  glafs,  pro- 
duces a  green  colour,  in  the  fame  way  as  by  fo 
lution  in  acids  (particularly  the  vitriolic)  it  pro* 
duces  a  green  vitriol :   Tet  this  fait,  on  being 
repeatedly  diflblved,  fucceflively  lofes  more  ancl 
xhore  of  its  phlogifton  ;  for  that  reafon  grow| 
pale,  and  at  length  is  changed  into  a  brownifii 
red  lixivium,  which  refufes  to  cryftallizc.    If 
now  fo  great  a  portion  of  manganele  be  added 
by  fufion  to  glafs,  that,  on  the  one  band,  the 
phlogifton  occafioning  the  green  colour  may  be 
abforbed,  and,  on  the  other,  by  means  of  that 
phlogifton  the  calx  be  deprived  of  all  colour, 
we  fhall  have  a  glafs  colourlefs  as  water.     Too 
great  a  proportion  of  manganefe  will  impart  it| 
own  colour,  too  fmall  a  one  will  leave  a  part  ct 
the  original  green  in  the  glafs.     The  latter  ex- 
cefs,  however,  is  preferable  to  the  former ;  fbf 
a  very  flight  degree  of  green  is  not  perceptible 
in  glafs,  unlefs  when  it  is  fo  hot  as  almoft  to  li- 
quefy ;  and  this,  upon  cooling,  becomes  again 

entirely 
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entirelj  invifible.  But  the  iron,  if  too  much 
depUogifticated,  communicates  a  yellow  hue, 
vfaich  camiot  be  removed  by  the  calx  of  man- 
ganefe,  but  like  the  green  when  weak,  can  on- 
ly be  perceived  in  the  glafs  while  hot. 

(o)  The  habits  of  manganefe,  examined  by 
fidutioo^  confirm  and  illuflrate  the  former  ex- 
periments. 

The  vitriolic  acid,  even  when  concentrated, 
tttadct  manganefe  in  its  metallic  form,  but 
much  better  when  diluted  with  double  or  triple 
Ae  quantity  of  water :  Innumerable  bubbles  a- 
rifie,  :^0diich,  when  colleded,  are  found  to  be  in- 
ftunmable.  It  is  diflblved  more  flowly  than 
iron,  and  leaves  behind  a  black  fpongy  fub- 
fia&ce,  of  the  fame  figure  as  the  metal :  A  fmell 
11  perceived  fimilar  to  that  occafioned  by  marine 
add  with  iron.  The  folution  is  colourlefs,  like 
pure  water ;  and,  upon  evaporation,  depofits 
very  bhter  fpathous  cryftals,  which  are  clear  and 
coburlefs  ;  but,  on  the  addition  of  alkali,  lets 
&11  a  white  precipitate,  which  we  formerly  cal- 
led the  white  calx  of  manganefe,  and  is  now  to 
be  more  accurately  examined. 

It  readily  appears,  that  this  white  calx  of 
ss^ganefe,  or  more  properly  white  aerated 
onnganefe,  is  not  faturated  with  phlogifton,  as 
it  wants  the  reguline  form  ;  and,  that  regulus 
of  manganefe,  during  folution,  is  deprived  of 
&  portion  of  its  phlogidon,  is  the  lefs  doubtful, 
O  3  as 
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as  it  is  certain^  that,  during  that  procefs,  VD&Lahi 

mable  air  is  generated.  This  calx,  howereri  m 
retains  precifely  that  quantity  which  is  neceflirjr 
to  render  it  foluble  in  acids  ;  and,  whea  dqi 
portion  is  diilipated  by  a  white  heat  in  openiOi 
the  calx  grows  black,  and  aflumes  the  propefda 
of  the  black  calx,  which  we  have  been  codt 
dering.  Here  we  mull  obferve,  that  a  folatioA 
of  manganefe,  miich  diluted,  although  mHAl 
aerated  alkali  it  affords  a  white  precipitate,  yet 
with  the  cauftic  alkali  yields  either  atonoei 
brown  calx,  or  one  which  foon  grows  blad:ja 
the  open  air.  The  reafon  is  this  :  Aerated,  it 
kali  yields  the  aerial  acid  to  the  falling  c«lSfH 
is  eafily  feen  from  the  increafe  of  weighty  Ae 
effervefcence  of  the  precipitate  with  acidt,  ifld 
by  pneumatic  diftillation  :  But,  in  this  cafe,. the 
acids  fix  the  quantity  of  phlogiflon  neceflaiy  to 
folution,  as  is  feen  from  hence,  that  the  pure  asr 
contained  in  the  atmofphere  or  in  water,  al« 
though  extremely  greedy  of  this  princ^Je,  is 
yet  in  this  cafe  not  able  to  feparate  it.  But  the 
'white  calx  is  eafily  taken  up  by  all  acids,  and 
docs  not  at  all  tinge  the  menftruum,  unlefii  i 
be  fenfibly  mixed  with  iron.  It  follows  natural- 
ly, that  the  calx,  precipitated  by  aerated  alkali, 
fhould  effervefce  with  acids  :  It  is  alfo  to  beob- 
ferved,  that  the  whitenefs  is  the  more  perfeft,  as 
the  quantity  of  iron  is  lefs,  as  this  foreign  admix* 
ture  fullies  the  colour  by  a  yellow  or  a  brown. 
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We  now  proceed  to  the  calcined  black  man* 
ganefe  :  This,  when  either  old  or  well  calcined^ 
18  only  taken  up  in  fmall  quantity  by  boiling  in 
vitriolic  acid;  neverthelefs,  if  the  menftruuni 
be  added  by  fucceflive  portions,  each  of  which 
renders  a  little  foluble,  it  may  be  gradually  fa- 
turated ;  and  then,  with  aerated  alkali,  depofits 
a  wliite  calx.  This  feems  to  indicate,  that  the 
calx,  though  dephlogifticated,  yet  pofleflfes  a 
Tmall  quantity  of  phlogiRoii,  which  is  itifufEcient 
for  the  folution  of  the  whole ;  notwithftanding; 
which,  the  menftruuni  may  be  fufliciently  fatu- 
tated  by  fuch  particles  as  lie  next  adjoining  id 
it :  Thefe,  by  means  of  the  acid,  are  capable  of 
taking  the  neceflary  phlogifton  from  the  morfe 
remote,  if  the  number  of  them  be  fufEciently 
great  to  fupply  the  quantity  of  phlogifton  which 
k  requifite  for  folution. 

A  iingular  tranflatlon  we  have  already  found 

to  take  place  in  the  via  ficca ;  and,  that  th6 

*  fame  is  the  cafe,  the  circumftances  iiow  to  be 

related  will  put  beyond  all  doubt.     The  calx, 

thus  exhaufted,  altogether  rejefts  the  vitriolic 

acid,  unlefs  fome  fubftance  charged  with  phloi« 

giftbn  be  added,  which  phlogiftoil  is,  by  itieans 

of  the  acid,  transferred  to  the  calx :  Thus,  upon 

the  addition  of  fugar,  honeyj  gum,  or  other  fuit- 

able  fubftances,  the  folution  may  be  promoted 

itiid  completed.     Siich  of  thofe  fubftances  as, 

ttpon  the  abftraftion  of  theif  phlogifton,  perifli, 

O  4  (namely 
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(namely  organic  bodies),  leave  no  other  veftjge 
of  themfelves  in  the  folution,  than  the  phlogifti* 
cation  above  mentioned.  A  fimilar  e£Fe£t  is  at 
fo  proiuced  by  the  metals,  not  only  the  imper« 
fe£t,  but,  what  is  very  extraordinary,  even  bjr 
gold  itfelf :  This  efpecially  takes  place  in  the 
marine  acid ;  but,  in  all  cafes,  the  metallic 
calxes  are  eafily  found  in  the  folution.  We 
have  faid,  that  phlogidon  is  eafily  transfemd| 
by  means  of  the  acids,  to  the  black  cals ;  and 
that  this,  when  loaded  with  phlogidon  in  proper 
quantity,  is  diffolved ;  and  this  we  have  aflbm* 
ed  not  without  reafon ;  for  the  calx,  when  boft* 
ed  with  fagar  diffolved  in  water,  is  not  fapplied 
with  phlogidon,  nor  is  the  fugar  changed,  bot 
remains  complete ;  and,  when  it  is  feparatedbjf 
lotion,  the  calx  is  found  infoluble  as  before; 
But,  if  an  acid  be  alfo  added,  by  its  means  the 
calx  takes  up  quickly  as  much  phlogidon  as  is 
necedary  to  make  it  foluble ;  nay,  the  phlogifti- 
cated  vitriolic  acid,  when  poured  upon  the  calx, 
foon  lofes  its  fmell,  and  didblves  it  readily  with- 
out any  aflidance. 

Another  method  of  folution  has  alfo  been 
found  out,  which  clearly  fliews  the  great  attrac- 
tive  force  this  calx  podeiles  with  refped  to  phlo- 
giRon.  Thus,  let  the  vitriolic  acid  be  drawn 
off  from  the  black  calx  feveral  times,  with  an 
htat  a])proaching  to  ignition,  in  a  glafs  veflcl, 
Cither  open  or  fliut  j  after  each  operation,  let 

the 
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die  foluble  part  be  elixated  with  water,  and  a€ 
tengdi  nothing  will  remain.     From  whence, 
then,  is  derived  the  phlogifton  neceflary  for  fo- 
btion  i    I  anfwer,  from  the  decompofition  of 
file  matter  of  heat,  which  confifts  of  pare  air, 
joined  to  a  determinate  quantity  of  phlogifton. 
b  order  to  fhew  that  this  is  not  bare  conjee^ 
lure,  let  the  operation  be  performed  in  a  clofe 
Tcfld,  to  which  is  adapted  a  pneumatic  appara* 
(as;  2Bdj  towards  the  clofe  of  the  procefs,  pure 
air  is  copioufly  produced,  which  is  extricated 
while  the  phlogifton  is  uniting  with  the  calcined 
maiiga^ere.    The  calx  is  indeed  of  itfelf  capable 
of  decompofing  the  heat,  but  cannot  be  render^* 
ed  foluble  without  acids.    If  the  acid,  a  little 
diliiCed,  be  drawn  oflf  only  to  drynefs  from  one 
half  its  weight  of  black  calx,  water  is  able  to 
take  up  by  elixation  upwards  of  one  fourth  of 
the  calx.     This  water  is  of  a  beautiful  red,  and, 
on  due  eyaporation,  yields  cryftals  of  the  fame 
colour.     This  tinge  indicates  a  deficiency  of 
phlogifton,  a  deficiency  which,  as  has  been  al- 
ready faid,  may  be  fupplied  either  by  continu- 
ing the  abftraSion  to  ignition,  or  by  fome  iuic* 
able  pblogiftic  additaments. 

We  have  hitherto  only  confidered  the  white 
and  the  black  caix  ;  it  is  proper  now  to  beft .  \/ 
ibme  attention  upon  the  other  varieties  :  Th .  t 
which  is  produced  by  the  fpontaneous  calci* 
lion  of  the  regulus,  is  at  firft  of  a  duiky  colo 
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but,  in  the  open  air,  grows  more  brown ;  a&d^ 
in  about  fourteen  days,  the  weight  is  increafcd 
by  0,35,  and  is  again  diminifhed  a  few  hun- 
dredthsy  on  expofure  to  heat.  The  humidity 
which  had  been  attraded  from  the  atmo^here 
being  now  expelled,  this  calx,  in  proportion  as 
it  is  more  newly  made,  and  lefs  expofed  to  fire, 
is  the  richer  in  phlogifton,  and  is  the  more 
quickly  diflblved  in  vitriolic  add,  with  which  it 
produces  a  bluifh  red  colour.  This  eleguiX 
tinfture,  gently  precipitated  by  means  of  aerated 
alkali,  at  length  (hews  fome  red  particles  fubfi* 
ding,  which  yet,  cpllefted  on  a  filter,  grow 
brown.  It  appears  very  probable  that  the  red 
calx  forms  a  fort  of  medium  between  the  black 
and  the  white,  being  more  foluble  thanoD^ 
and  lefs  foluble  than  the  other ;  and  that  th6 
colour  indicates  the  imperfect  ftate  of  the  folu* 
tion ;  for,  by  the  addition  of  fugar,  it  is  dit 
charged  in  a  few  minutes.  To  this  clafs,  doubt* 
lefs,  belong  the  red  and  brown  ores  of  manga- 
nefe.  The  particles  enveloped  in  tranfparent 
matrices  afford  very  beautiful  fpecimens,  more 
or  lefs  pellucid :  Thus  the  red  fpathous  ore 
which  is  got  at  Klapperud,  in  Dalia,  is  found 
filled  with  zeolith ;  fo  that  a  fmall  piece,  gra* 
dually  put  into  an  acid,  is  fpoiled  of  the  red 
calx,  from  the^urface  fucceffively  inwards  to 
the  center,  though  the  original  form  and  mag- 
nitude remain.    The  remainder,  upon  exami- 

ilatiofl, 
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is  fbond  totally  iiliceous ;  for  the  argil* 
faceoos  and  calcareous  parts  of  the  zeolith  ma- 
txiz  are  eztraded  by  the  add^  together  with  the 
f^lrtu^  maoganefe. 

Boch  the  red  and  the  colourlefs  calx  of  man- 
gaacfe  are  precipitated  by  a  ^^logifUcated  alkali 
of  a  wfailifh  yellow,  unlefs  the  iron  be  fuper* 
abondant. 

It  has  already  been  obfenred,  that  the  black 
calx  of  manganefe  grows  green  in  a  red  heat» 
wrfaich  was  firil  remarked  by  the  celebrated  Rin* 
man,  upon  making  the  experiment  on  a  Q^ecies 
of  Uack  calx  of  manganefe,  which  muft  yet  be 
.  pgotictilarly  diftinguilhed ;  for,  though  it  con* 
fifts  for  the  moil  part  of  a  black  calx,  yet  it  con« 
tains  a  number  of  heterogeneous  particles,  fuch 
as  calcareous  and  iiliceous  earth,  and  terra  pon* 
derola,  fubilances  which  are  always  mixed  with 
the  Swediih  calx.  This  green  calx  is  found 
concreted  into  loofe  grains,  is  made  white  by  the 
vitriolic  acid,  and  corroded  into  a  fubtile  pow« 
der  ;  but  very  little  is  diiTolved,  even  by  the 
.  addition  of  fugar ;  nor  is  a  red  tinge  ever  pro- 
duced. 

Having  thus  fpoken  pretty  fully  of  the  vitrio- 
lic acid,  let  us  now  briefly  coniider  the  other 
acids. 

The  nitrous  acid  diiTolves  the  regulus  with  a 
certain  efiervefcence,  occaiioned  by  the  genera- 
tion of  nitrous  air }  yet  a  fpongy,  black,  and 

friable 
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friable  body  remains,  refembling  molybcbena  ic: 
its  properties,  fo  far  as  the  fmall  quantity  of  tlk^ 
matter  would  permit  experiments  to  be  made^ 
The  other  menftrua  alfo  exhibit  a  fimilar  n&. 
duum.    The  folution  is  always  brown,  which  b 
occafioned  by  the  iron  adheting  to  the  mangle 
nefe.    !t  fcarcely  acquires  a  red  cokmn    Tbe 
white  calx  is  very  readily  taken  up  by  the  acid^ 
during  which  operation  the  aerial  acid  is  extri* 
cated,  but  no  nitrous  air  appears.    The  latttit* 
ted  menftruum  has  the  appearance  of  water,  uti* 
lefs  iton  be  prefent :  The  black  calx  is  very  ^* 
ringly  diiTolved,  yet  a  faturation  is  effected  bf 
means  of  a  large  quantity  of  the  calx.     I^ogi« 
ftic  additaments  complete  the  folution }  but  diefe 
are  not  neceifary  if  the  acid  be  employed  in  a 
phlogifticated  (late.     In  this  cafe,  the  decompo- 
fition  of  heat  feems  to  have  lefs  effed,  as  the 
menftruum,  being  more  volatile  than  the  vitri- 
olic acid,  is  diffipated  by  a  lower  degree  of  heat 
The  green  calx  is  afted  upon  in  the  fame  way  as 
by  the  vitriolic  acid.    The  folutions,  when  pure, 
depofit  no  folid  cryftals,  although  the  evapordi* 
tipn  be  conduced  with  the  moft  cautious  flow- 
nefs. 

Reguline  manganefe  is  diifolved  in  the  ufuai 
manner  by  the  marine  acid,  as  is  alfo  the  white 
calx  ;  nay,  the  black  is  taken  up  in  the  cold  by 
this  menftruum,  and  communicates  to  it  a  red 
colour.    I  had  before  conjedured,  that  the  red 
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calx  ii  ricber  in  phlogifton  than  the  black,  an 
opinion  which  is  confirmed  by  a  drcumftance 
^riiich  occurs  here.  Marine  add  contains  phlo- 
gifton,  as  one  of  its  conftituent  principles  ;  and 
Ae  black  calx,  by  means  of  a  fuperior  attrac- 
tbn,  feizes  a  part  of  this  phlogifton,  and  ac- 
quires a  certain  degree  of  folubility:  But  .this 
union  is  very  flight,  and  may  even  be  deftroyed 
by  the  fimple  affufion  of  water.  If,  however, 
the  red  folution  be  expofed  to  a  digefting  heat 
for  fome  hours,  an  inteftine  motion,  like  an  ef« 
fervefcence,  takes  phce ;  the  fmell  of  dephlo- 
gifticated  acid  is  perceived,  and  the  calcined 
manganefe  is  taken  up  in  fuch  a  manner  as  to 
be  only  feparable  by  an  alkali.  Th«  part  of  the 
acid  which,  by  its  phlogifton,  has  rendered  the 
calx  foluble,  puts  on  the  apf>earance  of  a  red 
vapour,  and,  flying  ofi*,  manifefts  itfelf  by  a  pe- 
culiar odour.  If  fugar  be  employed,  the  de- 
compofition  of  the  menftruum  is  not  neceflary, 
nor  is  any  fmell  of  aqua  regia  perceived*  Other 
fuitable  phlogiftic  matters  in  the  fame  way  ef- 
fcEt  the  folurion  of  the  black  calx  ;  nay,  mer- 
cury itfelf,  and  even  gold,  neither  of  which 
yields  direftly  to  the  marine  acid,  yet  fupply 
calcined  manganefe  with  their  phlogifton ;  and, 
being  thus  dephlogifticated,  are  diflblved  in  the 
menftruum  along  with  it. 

Salited  manganefe  fcarcely  yields  diftinft  cry- 
ilals,  but  only  a  faline  mafs,  which  attrads  the 

moifture 
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moifture  of  the  air.    The  precipitate  by  alkali 
is  occafionally  either  white,  yellow,  or  black. 

As  the  fluor  acid,  united  with  manganefe,^ 
forms  a  fait  difficult  of  folution,  it  is  thence  M^ 
ficiently  obvious,  that  the  folvent  power  of  tha:r 
acid  is  extremely  weak ;  for  the  particles,  being 
furrounded  by  a  faline  cruft,  are  freed  from  the 
z&ioTt,  of  the  menftruum  ;  yet,  upon  repeated, 
additions,  the  acid  may  be  faturated.     If  fluon« 
ted  volatile  alkali  be  added  to  a  folution  of  mas* 
ganefe  made  in  another  acid,  inftantly  a  double 
eledive  attra£Uon  takes  place,  and  a  fluoraced 
manganefe  falls  to  the  bottom. 

The  fame  is  true  of  the  phofphoric  acid.  The 
microcofmic  fait,  added  to  manganefe  diflblved 
in  another  acid,  by  a  double  affinity  precipitates 
a  phofphorated  manganefe. 

The  power  of  vinegar  is  weak,  yet  it  diffolves 
the  regulus  in  the  way  above  defcribed,  and 
may  even  be  faturated  with  the  black  calx,  if 
that  calx  be  added  in  large  quantity.  This 
combination  yields  no  cryftals  ;  and,  after  eva* 
poration,  quickly  deliquefces  again. 

Not  only  reguline  manganefe,  but  alfo  the 
black  calx,  is  taken  up  by  the  acid  of  fugar ; 
but  the  faturated  folution  depofits  a  white  pow- 
der, fcarcely  foluble  in  water,  unlefs  it  be  fliar- 
pened  by  an  acid.  This  fait  grows  black  in  the 
fire,  but,  on  addition  of  the  faccharine  acid,  eafi- 
ly  again  acquires  a  milky  colour.     Manganeft; 

ia 


OF  THE  WHITE  ORES  OF  IRON;      223 

I  precipitated  in  the  form  of  cryftalline  atoms, 
>y  add  of  fugar,  from  its  folution  in  vitriolic, 
litroos,  or  marine  add* 

The  acid  of  tarur,  which  is  fimilar  to  this, 
takes  up  the  black  calx  even  in  the  cold ;  but 
4ie  colour  of  the  folution  is  a  reddifh  brown : 
However,  this  tinge  is  difcharged  with  effer- 
vefcence  in  a  digefting  heat.  A  part  of  the 
joenftruum  is  therefore  decompofed,  and  yields 
k$  phlogifton  to  the  calx,  as  has  been  already 
obferved  of  the  marine  acid  ;  befides,  the  tarta- 
iized  vegetable  alkali,  added  to  any  folution  of 
manganefe,  immediately  throws  down  tartarized 
manganefe. 

The  drcumftances  already  mentioned  take 
place  with  the  acid  of  lemons,  which,  in  this 
inftance,  pofTefles  altogether  the  fame  properties. 

The  weak  aerial  acid  faturating  water,  attacks 
both  the  regulus  and  the  black  calx.  The  man-f 
ganefe,  thus  diflblved,  if  not  mixed  with  iron, 
Rq[»arates  in  the  form  of  a  floating  white  pelli* 
dc.  By  tinfture  of  galls,  or  an  alkali,  it  is  pre- 
cipitated white.  If  it  is  the  regulus  which  has 
been  employed,  a  peculiar  fmell,  refembling 
(hat  of  burning  fat,  is  perceived. 

A  very  minute  portion  of  the  black  calx, 
idded  to  an  alkali  in  fufion,  immediately  tinges 
it  of  an  elegant  blue,  or  fometimes  a  green  co^ 
pur,  if  iron  be  prefent ;  hence  it  is,  that  pot« 
^es  are  fometimes  found  variegated  with  blue 

or 
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or  green.    The  green  folutiofi,  iii  a  clbfe  vefij, 
gradually  depofits  its  iron^  and  then,  the  yeOow 
being  difcharged,  it  becomes  blue.    Ezpoficd  to 
the  open  air,  the  alkali  attrads  the  aerial  acid| 
and  the  black  calx  is  depoiited,  a  depofitida 
which  is  more  quickly  effeded  by  a  few  dropi 
of  a  ftronger  acid,  or  even  by  a  large  quandff 
of  water.    By  this  laft  the  folution  grows  fiift 
yiolet,  then  red,  and  at  length  all  colour  yu 
nifhes,  the  black  particles  which  before  had  been 
red  being  depofited.    Thefe  particles,  while  red, 
had  been  equally  difperfed  through  the  dor 
mafs  ;  but,  being  more  completely  deprived  of 
their  phlogifton,  at  length  grow  black. 

(h)  Eight  parts  of  calcined  manganefe,  hj  a 
gentle  heat  in  a  glafs  retort,  take  up  three  of 
fulphur,  and  produce  a  yellowifh  green  maft, 
which  is  a£ted  upon  by  acids,  diflblving  die 
metal  with  effervefcence  and  an  hepatic  odour. 
The  fulphur  which  remains  after  the  genera- 
tion of  the  hepatic  air,  may  be  collected  on  % 
filter. 

Reguline  manganefe  appears  to  reject  fal« 
phur. 

(i)  Thefe  properties  evidently  ihew,  thtf 
manganefe  differs  confiderably  from  all  metals 
hitherto  known.  In  fufibility  and  colour,  k 
fomewhat  refembles  iron.  In  its  ftrength  of 
attraftion,  fpecific  gravity,  and  in  producing  i 

colourleb 
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coloorlefs  vitriol,  it  approaches  to  zinc  i  but,  im 
other  properties,  is  totally  different. 

Iron  is  malleable  and  magnetic  when  it  re> 
tains  the  greatefl  pofiible  quantity  of  phlogifton. 
During  folution  in  acids,  it  exhibits  a  green  co- 
lour ;  but,  upon  a  greater  depbiogiftication,  it 
grows  pale ;  and  the  laft  lixivium,  which  refufes 
to  cryftallize,  puts  on  a  reddtfli  brown  appear* 
ranee.    The  vitriol  of  this  metal,  diflblved  in 
water,  is  decompofed  fpontaneoufly  in  an  open 
veflel,  and  feparates  an  ochre.    This  depofition 
it  accelerated  by  heat.     The  calx  depofited  is  of 
a  reddiih  bcown,  or  at  leaft  reducible  to  that 
colour  by  a  due  degree  of  heat. 

Zinc  is  of  a  white  colour,  eafily  fufible,  and 
inflammable  by  ignition  in  open  veflels,  and 
burns  with  a  mod  elegant  ffame,  fending  forth 
white  flowers  ;  but,  in  dole  veffels,  the  metal^ 
htkg  volatile,  rifes  by  the  force  of  the  fire  :  It 
fcrms  .with  copper  a  yellow  compound,  which, 
when  the  relative  quantities  are  properly  adjulb- 
(d,  refembles  gold  :  It  is  eaiily  diffblved  in  all 
^e  acids,  whether  it  be  reguline  or  calcined, 
^d  forms  a  colourlefs  folution :  It  yields  a  white 
alx,  which  is  not  rendered  black  by  a  red  heat 
of  fome  minutes  ;  and  it  never  tinges  glafs  red» 
Thcfe,  and  its  other  properties,  readily  diftin- 
guiOi  it  from  manganefe.  The  entire  habit  of 
<he  latter  with  phlogifton  is  fo  lingular,  that  it 
Oimot  eafily  be  confounded  with  the  other  me- 
Vol.  II.  P  taU* 
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UU ;  for  what  metallic  calx,  except  the  bhfii( 
calx  of  manganefe,  is  able  to  decompound  aa^ 
rifle  acid  and  volatile  alkali,  nay  to  feptrate  tbi 
phlogifton  even  from  gold  itfelf  ?    What  cthci^ 
when  deprived  of  its  phlogifton,  can  fora  | 
blue  folution  with  alkaline  falts^  and  a  red  lM 
acids,  which  it  again  lofes  by  means  of  pbkgir 
(lie  additaments  ?    What  other  is  there  whUj 
by  the  difference  in  the  quantity  of  phlogiftoii 
can  eathibit  colours  fo  various  and  fo  diftiaft^ 
tiamely,  white,  red,  green,  and  black?    bit 
generally  thought,  that  black  calxes  contain  tbi  * 
greateft  quantity  of  phlogifton ;   but^  iu  dw 
cafe,  the  black  contains  lead  of  it, 

Beiides,  manganefe,  though  tortured  ianili^ 
different  ways,  could  not  be  changed  into  irot 
or  zinc,  or  any  other  known  metal,  but  obAi» 
nately  retained  its  own  properties :  Therefore^ 
until  experiments,  free  from  the  leaft  ambig«i> 
ty,  (hall  have  (hewn  that  this  is  derived  frM 
pthef  metals,  it  mud  be  confidered  as  a  di* 
ftin6i  metallic  fubftance,  unlefs  we  wifh  to  oH9» 
turn  the<  certainty  of  natural  philofophy  altx^ 
ther,  by  indulging  fallacious  conjectures*  Hie 
difHculty  with  which  the  martial  inquinamett 
18  feparated,  indicates  no  more  than  the  tA 
ftence  of  a  very  intimate  union.  The  regdm 
f  liquated  from  the  black  manganefe  of  Swt(k% 
expofed  in  an  Heflian  crucible  for  a  quarter^ 
an  hour  (without  any  additament)  to  a  vkaM 

*heat| 
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;  alio  to  proTe  the  fame  thing ;  but  the  hu« 

I  iblntioa  ($  yi.  d)  it  is  which  puts  the  mat- 

bejond  doubt.     If  any  portion  of  the  metal 

at  the  fame- time  enter  the  menftrua  em- 

ployed^  (which  is  generally  the  cafe),  that  part 

<^ht  firft  to  be  precipitated  by  pblogiilicated 

tikaii  ;  and  afterwards  the  lime,  by  an  aerated 

UkalL 

.  (b)  Of  the  prefenee  of  iron  there  is  nd 
doubt ;  the  crude  ore  is  fometimes  attraded  b^ 
the  magnet,  which  is  almoft  always  the  cafe 
when  it  is  burned  ;  but  foosetimes,  even  after 
Imrning,  this  property  is  conibeakd  by  the  Imall- 
aeft  of  the  quantity,  the  iron  frequently  not  ex« 
cccding  o,03,  which  neverthelels  is  difcovered 
So  the  folution  by  means  of  phiogifticated  al- 
kalL  The  quantity  of  metal  is  difcovered  hf 
icdvdton,  either  in  the  humid  way  or  by  fire^ 
falutioB,  and  precipitation,  ($  v.  s ;  vin,  b). 
That  iron,  deprived  of  its  metallic  form,  is 
eafily  appears ;  for  the  ore  is  feldooi 
before  roafting ;  nor,  on  folution^ 
it  generate  inflammable  air,  when  the 
lum  is  vitriolic  or  nitrous  acid  i  How- 
as  the  perfeft  ore  yields,  without  heat^ 
fehitions,  except  with  the  nitrous  acid, 
ret  widb  the  vitriolic  add  a  beautiful 
,  fidt,  we  may  thence  colled,  that  the  defi* 
i^of  pUc^iftoii  is^  in  this  inftance,  not 
WL  ift  maitial  vitrioL 

P  4  (c)  The 


228      OP  THE  WHITE  ORES  OF  IRON. 

two  metals  are  alfo  frequently  found  together  in 
the  vegetable  kingdom. 

(a)  In  order  to  difcover  the  prefence  of  maa* 
ganefe  in  iron  quickly  and  eafily,  the  blow-pipe 
may  be  employed  in  the  manner  above  defer!- 
bed  (§  IV.)  ;  but  no  rednefs  appears,  if  a  parti- 
cle of  complete  metal  be  added  to  the  fait  in  fti- 
fion,  as  the  tinge  is  deftroyed  by  the  pblogiftoa 
of  the  iron,  (§  vi.  f  and  o).  The  purpofe  if 
generally  better  anfwered  by  a  fmall  portion  of 
the  metal  well  calcined ;  but,  upon  charcoal, 
the  metallic  calx  attracts  phlogifton  fromAe 
fupport ;  therefore  the  fufion  muft  either  be 
performed  in  a  filver  fpoon,  or  elfe  the  red  co- 
lour muft  be  induced  by  a  fmall  piece  of  nitre. 
A  perfon  ufed  to  the  procefs  will  eafily  know 
the  prefence  of  manganefe,  and  even  be  able, 
from  the  phasnomena,  to  judge  of  its  quantity. 

In  a  crucible,  too,  the  prefence  of  manganefe 
is  difcovered  without  difficulty.  To  a  piece  of 
iron,  weighing  a  few  aflay  pounds,  and  made 
red  hot,  let  there  be  added  about  five  times  d^ 
quantity  of  cryftallized  nitre  ;  and  let  the  fame 
quantity  be  again  added  when  the  eiFerveicence 
has  ceafed :  If  any  manganefe  be  prefeht,  a 
green  ring  will  be  found  round  the  middle  of 
the  infide  of  the  crucible ;  if  the  quantity  be 
confiderable,  it  will  not  be  necefllary  to  add  die 
nitre  a  fecond  time.  The  crucible  muft  be  x^ 
moved  from  the  fire  while  the  mafs  is  red  hot 
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(b)  Let  a  determined  weight  of  the  iron  fu« 
fpeded  to  contain  manganefe  be  diflblved  in  a 
large  quantity  of  nitrous  acid ;  let  it  then  be 
evaporated  to  drynefs,  and  at  length  made  red 
hot :  Let  the  r«(iduum  be  weighed,  and  put  in* 
to  diluted  nitrous  acid,  together  with  a  fmall 
]nece  of  fugar ;  and  if  any  manganefe  be  pre* 
feiit^  after  a  few  hours  the  menftruum^  when  fa* 
turated  with  aerated  alkali,  will  yield  a  white 
metallic  calx,  which  may  be  thus  totally  ab* 
ftraded :  Let  the  remainder,  which  is  totally 
deprived  of  manganefe,  be  elixated,  dried  to 
ignition,  and  finally  again  weighed,  the  diffe«> 
rence  of  weight,  before  and  after  the  extradiod, 
will  fliew  the  quantity  of  calcined  manganefe  ; 
and  this  being  given,  the  correfponding  quanti* 
ty  of  reguline  manganefe  is  eafily  determined^ 
as  that  metal  gains  0,33  by  calcination.  The 
felution  itfelf  alfo,  precipitated  by  a  fixed  al* 
]udi,  affords  a  white  calx,  the  knowledge  of 
which  eafily  determines  the  quantity  of  the  re« 
guline  manganefe  ;  for  experiments  Ihew,  that 
100  parts  of  this  metal  diflblved,  yield  180  of 
white  calx. 

The  white  calx  thus  obtained  is  feldom  en* 
tirely  free  from  iron,  as  it  is  very  difficult  to  de- 
prive that  metal  fo  far  of  its  phlogifton,  that  the 
nitrous  acid,  efpecially  when  phlogifticated,  can- 
not take  up  fome  portion  of  it :  But  if  the  white 
calx,  obtained  as  above^  be  well  calcined,  and 
P  3  again 
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again  diflblved  in  nitrous  acid,  by  meant  df  Ae 
addition  of  fugar,  the  iron  remains  for  the  mot 
part  undiflblved.  At  the  beginning,  too,  dit 
martial  inquinament,  being  weaker  in  attiiAnt 
power,  may  be  precipitated  by  a  few  dtofH  of 
Volatile  alkali. 

Iron,  contaminated  with  manganeft,  if  pov» 
dered  and  plunged  into  a  folution  of  mardd 
Iritriol,  is  gradually  depurated;  for,  in  virtue  of 
its  fuperior  attradion,  the  acid  feparates  froii 
the  iron,  and  diflblves  the  manganefe. 

5  IX.   Proximate  Principles  rf  the  tobitt  Ores  jf 
Iron. 

Thefe  things  being  premifed,  we  are  enaUrf 
to  judge  properly  of  the  compofition  of  out 
ores,  namely,  they  always  confifl:  of  lime,  itoii 
and  manganefe,  but  in  proportions  infitil^ 
varied ;  for  we  (hall  pafs  over  in  filence  th^  ' 
foreign  matters,  which  we  have  already  mifl> 
tioned  as  being  fometimes  prefent  (§  vi.  b)i 

(a)  The  prefence  of  lime  is  indicated  by  die 
effervefcence,  more  or  lefs  remarkable,  occaiSmi* 
ed  by  the  pulverized  ore  (§  vi.  a)  ;  by  its  ot- 
cafioning  an  heat  in  water,  when  fuffieiettif 
burned ;  by  its  Separating  a  cream  (§  y.  a); 
and  by  the  whitifli  opacity  occafioned  npottcbdk 
ing,  in  the  nitrous  globules,  when  too  ttodi 
loaded  with  it  (§  xv.  b).    Other  drcnrnftaniete 

tend 
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aUb  to  proTe  the  fame  thing ;  but  the  hu- 
ttid  Iblation  (^  vi.  d)  it  is  which  puts  the  mat^ 
ter  beyond  doubt*  If  any  portion  of  the  metal 
ftould  at  the  fame  time  enter  the  menftrua  em- 
ployed,  (which  is  generally  the  cafe)|  that  part 
ought  firft  to  be  precipitated  by  phlogiflicated 
tlkali ;  and  afterwards  the  lime,  by  an  aerated 
tlkali. 

.  (b)  Of  the  prefeAde  of  iron  fliere  is  na 
doubt )  the  crude  arc  is  fometimes  attra&ed  bf 
the  magnet,  which  is  almoft  always  the  calb 
vben  it  b  burned  ;  but  fometimes,  even  after 
burning,  this  property  is  concealed  by  the  finall- 
Qcfs  of  the  quantity,  the  iron  frequently  not  ex« 
cecding  o,03,  which  neverthelefs  is  difcovered 
in  the  folution  by  means  of  phlogiiUcated  al« 
kali.  The  quantity  of  metal  is  difcovered  by 
redudiosi,  either  in  the  humid  way  or  by  fire^ 
Calution,  and  precipitation,  (S  v.  s }  vni.  n). 
That  iron,  deprived  of  its  metallic  form,  is 

t,  eafily  appears ;  for  the  ore  is  feldoni 
before  roafting;    nor,  on  folution^ 

it  generate  inflammable  air,  when  tbt 
mfsnftruum  is  vkriolic  or  nitrous  acid  i  How- 
ever,  at  the  perfed  ore  yields,  without  heat^ 
green  iblutions,  except  with  the  nitrous  acid, 
mad  produces  with  the  vitriolic  add  a  beautiful 
green  ialt,  we  may  thence  colled,  that  the  defi* 
cieoqr  of  phlc^ifion  is^  in  this  faiftance,  not 
dian  ift  martitl  vitrioL 

P  4  (c)  The 
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(c)  The  prefence  of  manganefe  is  indicitrf 
by  the  moft  manifeft  figns,  and  that  even  in  Ae 
ftate  of  white  x:alx,  unlefs  when  injured  bj  hpfe 
of  time :    Thefe  are,  the  blacknefs  occafioodi 
by  calcination,  either  fpontaneous  or  produced 
by  fire  (§  iv.  a  ;  vii.  o) ;  the  habits,  when  » 
amined  by  the  blow-pipe  (^  iv.  vii,  f)  and  bf 
other  experiments,  both  by  fire  (§  v.  vii..a,f) 
and  by  the  humid  way  ($  vi«  viu.  g).     But 
what  puts  the  matter  entirely  beyond  doubt  is, 
that  the  calx  may  be  feparated^  and  (eparatdf 
examined  (^  yiiu  b)*    White  calcined  manga> 
nefe  forms  proportions  of  the  whole  mafg  laj 
UnequaL     From  the  regulus  of  Elfenartz,  4s 
lb*  in  weight,  24  of  white  manganefe  is  obtain- 
ed (^  V.  e)  ;  which  weight  alfo  yields  13  lb.  o{ 
regulus  of  manganefe.     The  iron,  therefore,  11 
43  —  13  '=°  29  ;  and,  in  100  parts  of  this  ote^ 
of  calcined  iron,  as  in  green  vitriol,  about  38,  of 
aerated  manganefe  34,  and  of  aerated  lime  38. 
The  ore  brought  from  the  mountain,  whicb  in 
Sweden  is  called  the  weftern  Silver  Mountain, 
in  the  fame  way  yielded  22  of  calcined  iron,  of 
white  calcined  manganefe  28,  and  of  aerated 
lime  50. 

S  X.  Ufe  of  ibe  White  Ores  rf iron.     :..: 

.   It  is  well  known  to  the  ikilful  in  thofe  nat« 
ters,  how  excellent  the  fteel  is  which  is  prodo* 

ccd 
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by  the  white  ores  }  although  that  the  foun- 
n,  of  this  excellence  is  an  admixture  of 
nauiganefe,  has  heretofore  been  unknown.    la 
itMs  reguli  formerly  eliqoated  (§  v.  f),  the  man^ 
fe  formed  about  one  third,  by  wiiich  not 
tly  the  hardnefs  was  increafed,  but  a  filver 
^lendour  communicated.    The  beft  proportions 
m  mixing  the  metals  mud  be  determined  by  ya« 
liotts  and  repeated  experiments. 
Thefe  ores  frequently  contain  iron  in  fuch 
r  7  liiiall  quantity,  that  they  cannot  properly  be  de- 
nominated from  that  metal.     One  or  two  hun« 
dredths  are  certainly  of  no  fuch  confequence : 
hi  fuch  the  calcareous  earth  abounds,  which 
coofequently,   by  roafting,  is   converted  into 
quick-lime,  but  is  black  or  brown,  on  account 
of  the  dephlogiftication  of  the  earthy  bafe  of  the 
manganefe.    A  black  calx  of  this  kind  is  got 
in  die  neighbourhood  of  Upland.    This  affords 
excellent  mortar,  which  grows  harder,  and  dries 
fliore  quickly  than  any  other,  even  under  water* 
This  fuperior  excellence  is  rather  to  be  attribu- 
ted to  the  manganefe  than  to  the  iron,  as  the 
calcareous  ftones,  deprived  of  manganefe,  though 
omtaining  the  fame  portion  of  iron  as  thofe  of 
L,ena,  yet  produce  a  mortar  of  a  much  inferior 
quality.    We  have  calcareous  flones  in  many 
^ces  of  Sweden,  which  grow  black  on  burn- 
ings and  which  doubtlefs  poffefs  the  fame  vir- 
tue. 

We 
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We  employ  the  black  manginefe  in  gls 
hoofet  for  purifying  glaii.  How  this  idi  ] 
been  already  explained  ($  vix.  r>  It  it  ▼ 
probable  that  cakareow  earthy  loaded  with  m 
ganefe^  and  depriyed  of  iron»  fucb  as  we  b; 
i^poken  of  for  building,  may  be  iqpplied  to 
ftuM  pnipofe. 


DISdE 
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S  !•  SB/hricai  bOroduShti. 

rr^HEXE  it  found  in  the  paits  of  Gefminy 
JL  whidi  abound  in  metaU,  an  ore  which  it 
called  kuffir-nickilj  fismetimes  grey,  but  often  of 
m  feddifli  yellow  colour,  and  poUflied.  Thk 
tiame  it  probably  firft  got,  and  ftill  retains,  from 
diii  drcumftance,  that,  although  it  has  die  ap» 
iMuance  of  containing  copper,  yet  not  the  fmaU« 
feft  pardck  of  that  metal  can  be  extra&ed  from 
it,  even  by  fire.  The  lirft  account  we  had  <tf  k 
Ute  from  V.  Hieme,  in  a  book  publifhed  in 
1694,  written  in  the  Swedifli  language,  ooo^ 
Mrning  the  difcovery  of  ores  and  ^ther  mineral 
fid>ftances. 

Henckel  confiders  it  as  a  fpecies  6f  cobalt  or 
irfenic,  dbyed  with  cqpper,  and  Cramer  refers 

it 


236  OF      NICKEL. 

it  to  the  arfenical  or  cupreous  ores ;  but  nddur 
they,  nor  any  other  perfon,  (as  they  themlislfet 
confefs),  were  ever  able  to  extrad  from  it  a 
iingle  particle  of  copper.  Several  other  phiio- 
fophers  acquiefced  in  this  opinion,  until  that 
celebrated  mineralogift  Mr  Cronftedt  firft  un- 
dertook an  accurate  examination  of  this  mine- 
ral, and,  by  many  experimentSj^  "which  were 
publiflied  in  the  years  1751  and  1754,  ftkcwed 
that  it  contained  a  new  femimetal,  to  which  he 
gave  the  name  of  nickel. 

Almoft  all  the  Swedifli  mineralogifts  after- 
wards embraced  this  opinion,  as  alfo  did  many 
others,  althou|[h  the  old  opinion  was  not  entire- 
ly deferted  ;  for  fome  were  led  rather  by  vague 
conjecture  and  fpecious  appearance,  than  by  la- 
tisfadory  experiment ;  and  Mr  Sage  has  lately 
attempted  to  eftabliOi  the  former  theory  by  che^ 
mical  reafonings  and  experiments.  In  the.adi 
of  the  Royal  Academy  at  Paris,  he  defcribed  an 
analyfis  of  nickel  which  he  had  undertaken,  and 
upon  this  grounds  an  opinion,  that  the  new 
femimetal  is  compofed  of  cobalt  mixed  with 
iron,  arfenic,  and  copper. 

In  order  to  decide  upon  this  fubjed,  many 
experiments  are  neceflary,  and  thefe  I  undertook 
with  a  mind  totally  free  from  any  preconceived 
opinion ;  and  though,  upon  this  occafion,  die 
fcarcity  of  the  mineral  prevented  me  from  en- 
tirely removing  doubt,  yet  I  truft  that  fo  much 

of 


OF      NICKEL.  237 

of  the  truth  has  been  laid  open,  that,  when  a 
bifficient  quantity  of  this  fubftance  can  be  ob* 
tained,  it  will  be  found  no  difficult  matter  to 
dbbiifh  the  truth  in  the  moll  deciiive  manner. 

5  II.   Eliquaticn  of  the  Regulus^ 

In  order  to  obtain  the  regulus  of  nickel,  the 
ore  muft  be  firft  fubjefted  to  roafting,  during 
I      vhich  a  quantity  of  fulphur  and  arfenic,  greater 
or  lefs  according  to  the  nature  of  the  ore,  is  ex- 
pelled }  fo  that  it  fometimes  lofes  upwards  of 
balf  its  weight,  but  frequently  not  above  0,3. 
^^  ore,  though  long  and  completely  calcined, 
^loes  not  always  acquire  the  fame  colour,  but,  in 
general,  becomes  greener  in  proportion  as  it  is 
®orc  rich  ;  fometimes  (efpecially  if  fuffered  to 
"C  at  reft)  its  upper  furface  is  covered  with 
gi'cen  vegetations,  fomewhat  of  the  form  of  co- 
™»  which  are  hard  and  fonorous. 

I-^  a  double  or  triple  quantity  of  black  flux 
°c  ^ded  to  the  roafted  powder,  and  the  mix- 
***^  well  fufed  in  a  forge,  in  an  open  crucible, 
cohered  with  common  felt,  according  to  the 
'"ft^al  method. 

*I1ie  veflel  being  broken,  a  metallic  globule 

*•  found  at  the  bottom,  under  the  fcoriac,  which 

•i^  brown  or  black,  or  fometimes  even  blue. 

The  we^ht  of  the  globule  amounts  to  0,1,  o,a, 

w  at  the  moft  0,5  of  the  crude  ore. 

This, 
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This,  however,  is  far  from  being  pure ;  far, 
although  the  roafting  be  ever  fo  violent  and  long 
continued,  yet  a  confiderable  quantity  of  iit>! 
phur,  but  e4>ec2ally  arfcnic,  fUU  remains  CM^ 
cealed  in  the  regulus,  exclufive  of  cobalt,  and  i 
great  proportion  of  iron,  which  laft  is  generally 
fo  prevalent  as  to  make  the  regulus  magnetic; 
and  this  variety  of  heterogeneous  matter  is  the 
caufe  why  the  regulus  varies  much,  not  only  ia 
refpeft  to  its  fra&ure,  the  polifhed  furf^e  of 
which  is  either  fmooth  or  lamellated,  but  aUii 
in  regard  to  its  white  colour^  which  is  more  or 
lefs  yellow  or  red. 

It  is  obvious  from  hence,  how  neceflary  it  k 
(0  depurate  the  regulus,  if  we  wiilb  to  jud^ 
rightly  of  its  genuine  nature  a&d  properties :  I 
have  therefore  undertaken  a  great  variety  of  la- 
borious procefles  for  this  purpofe.  To  delcribe 
them  all  drcumftantially,  would  hr  exceed  tbp 
limits  of  this  Eflay :  I  (hall  therefore  only  mcftf 
tion  the  moft  remarkable,  and  that  concilely; 
for,  in  writing  to  metallurgifts,  it  is  by  no  means 
neceflary  to  defcribe  all  the  minute  circumibiu 
ces  attending  an  operation* 

S  III.   The  Rigulus  dipurated  by  CaUhuaim  and 

Scmficatiofin 

la  order  to  difcover  the  effe^  pf  repeatii^  cal^ 
cinations  and  icor^&^ont^  the  following  eiq>e« 

rimenu 
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naeott  vere  made  with  a  certain  regulus  of 
mdad  band  in  the  Suahian  colledion  of  the 
Upfii  Academy,  which  had  beeneUquated  by 
Mr  Cronftedc,  and  whofe  fpecific  gravity,  taken 
ij  a  Tcry  ezaQ  hydroftatic  balance,  was  to  that 
of  diflilled  water  as  7,4210  to  i,oooo. 

(a)  Nine  ounces,  reduced  to  powder,  were 
sipoied  in  feveral  diflies,  tot  fix  hours^  to  an 
exceedingly  vehement  heat,  under  the  dome  pi 
an  aflky  furnace.  By  this  the  arfenic  was  firfl: 
diffipated  with  a  foetid  iiaiell ;  a  fulpbureous  o^ 
dbor  was  next  perceived ;  afterwards  a^  quanti- 
tjr  of  white  fmoke,  without  the  garlic  fmell^ 
irfaich  probably  arofe  from  the  fublimation  of 
At  more  de}Aiogifticated  arfenic.  When  the 
beaps  were  hot,  they  began  to  fwell,  and  green 
irtgetatbns  fprang  out  from  all  the  fufface,  re- 
fembling  mofi,  or  the  filiform  lichen ;  there  rer 
nstned  at  the  bottom  a  powder  of  a  ferruginous 
ifli-colottr.    In  this  operation  0,13  were  diffi- 


(b)  Half  an  ounce  of  this  calx,  fufed  in  a 
forge  for  four  minutes,  together  with  three 
times  its  weight  of  Mack  flux,  yidded  a  regu- 
Iqs,  the  furface  of  which  was  reticulated,  all 
Ae  areolae  being  hexangular,  with  exceeding 
fl^der  flris,  diverging  from  a  tuberculated 
^^ter.  It  weighed  0,73  of  half  an  ounce,  was 
**«dient  to  the  magnet,  and,  when  fcorified 
With  borax,  left  a  blackifii  glaft. 

(c)  This 
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(c)  This  regulus  being  again  roafted,  firit 
yielded  a  garlic  fmell,  and  after  a  vifible  inodo^ 
rous  fume^  together  with  vegetations  as  before. 

(d)  The  roafted  powder  being  reduced  bf 
the  black  flux,  and  taken  out  of  the  veffel,  a 
fmell  of  arfenic  was  again  perceived :  The  fn* 
iion  was  repeated  with  the  calx  and  borax>  and 
nothing  appeared  but  fome  obfcure  figns  of  €0> 
bait. 

(e)  The  regulus  of  nickel,  roafted  a  thiid 
time,  yielded  but  little  fmell  of  arfenic ;  no  ve- 
getations appeared;  and,  finally,  the  metallk 
calx  had  rather  a  ferruginous  than  a  green  co* 
loun 

(r)  After  redudion  in  the  fourth  calcinatioDf 
nearly  the  fame  phacnomena  appeared. 

(o)  Reduction  being  performed  with  lime 
and  borax,  the  regulus,  when  firft  fufed,  loft 
much  of  its  iron,  which  adhered  to  the  black 
fcoriae ;  it  foon  acquired  an  hyacinthine  colour, 
without  any  remarkable  mixture  of  cobalt ;  it 
was  now  but  little  obedient  to  the  magnet,  and 
its  fpecific  gravity  7,0828. 

(h)  The  regulus  was  again  roafted,  (the  fifth 
time) ;  but,  upon  the  gradual  addition  of  pow- 
dered charcoal  to  the  diihes  when  red  hot,  a 
prodigious  quantity  of  arfenic,  which  was  be- 
fore imperceptible,  flew  off  in  the  form  of 
fmoke  ;  for  it  is  the  nature  of  this  femimetal, 
that  unlefs  there  be  prefent  a  certain  quantity 

of 
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$f  ^logifton,  wiih  which  it  may  unite,  it  does 
IOC  yield  to  the  adion  of  fire,  but  remains  fix^ 
id.  The  powder  was  treated  in  this  way,  until 
10  more  fmoke  or  garlic  fmell  appeared,  aU 
liough  charcoal  was  again  added^ 

(1)  On  reduction  a  regulus  was  obtained  of 
I  lameilated  and  tenacious  texture,  which  yet, 
vhen  the  veflel  was  remoTed  from  the  fire,  dif- 
fbfed  an  arfenical  odour. 

(k)  The  roafling  was  therefore  repeated  a 
btb  time,  and  continued  for  ten  hours,  and  by 
powdered  charcoal  arfenic  was  expelled,  diftin- 
{[mfliable  not  by  the  fight  but  by  the  fmell ;  the 
colour  of  the  metallic  calx  was  obfcurely  ferru- 
ginous, mixed  with  a  green  fcarcely  vifible. 

(l)  The  red  uQion  being  effeded  with  equal 
pots  of  the  white  flux,  lime,  and  borax,  a  re* 
gikis  was  obtained,  femiduAile,  highly  magne- 
tic, and  foluble  in  nitrous  acid,  to  which  it  com« 
numicates  a  deep  green  colour ;  yet  there  re- 
mains a  blackifh  mafs,  which  eludes  the  force 
rf  the  menftruum,  which  afterwards  grows 
»hite,  and,  fet  upon  a  burning  coal,  flies  otf 
vidiout  any  remarkable  arfenical  fmell. 

(m)  The  regulus  was  then  fix  times  fufed 
rith  lime  and  borax ;  the  fccria  hence  arifing 
efembled  the  hyacinth  in  colour  ;  but  a  green 
letallk  calx  furrounded  the  regulus,  which,  as 
sfiire,  was  obedient  to  the  magnet,  and,  be« 
g  iemidudile,  broke  teiiacioufly,  that  is,  the 
Vol.  II.  O  broken 
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broken  part  was  rendered  rough  by  extended 
threads. 

(n)  After  all  thefe  roaftings,  the  rcgulus  vai 
expofed  during  fourteen  hours  to  a  very  ftrong 
heat ;  sf^er  this  powdered  charcoal  was  added 
by  degrees,  without  any  diflipation  of  arfcnic, 
6r  lofs  of  weight :  The  colour  6f  the  roafted 
powder  was  ferruginous,  with  a  very  weak  tiiijjc 
of  green. 

(o)  After  reduftion,  a  very  fmall  globule,  ftill 
xnsignetic,  was  found  among  the  fcorisc,  whWi 
were  much  loaded  with  iron.  Of  this  globule 
we  fhall  fpeak  more  at  large  in  §  iv;  i.  &c. 

5 IV^   Eliquaiion  of  the  Rcgulus  from  the  Ore  if 
Los* 

The  nickel  ore  which  is  got  at  the  mines  at 
Los,  in  Helfing,  \k*as  examined  and  depurated 
in  the  following  way  :  » 

Ca)  The  roafting  was  performed  in  the  ufual 
way. 

Cb)  As  was  alfo  the  reduftion. 

(c)  The  regulus  was  then  calcined,  and  tbe 
powdered  charcoal  was  added  by  degrees,  uiffil 
all  the  arfenical  fmoke  had  ceafed,  and  thecak 
of  nickel  acquired  a  deep  green  colour. 

(d)  This  being  reduced,  a  magnetic  regohi 
was  obtained,  which  yet,  when  fufed  with  fifltf 

and 
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and  borax,  was  not  obedient  to  the  iftagnet,  and 
\ielded  a  fcoria  of  a  deep  blue. 

(e)  Powder  of  charcoal  was  gradually  added, 
during  ten  hours,  to  a  reguliis  of  this  fort  fuffi- 
dcmly  calcined,  (if  this  be  inftantly  done,  the 
ttgoKne  particles  readily  coalefce),  by  which 
means  a  quantity  of  arfehic  was  difperfed,  and  a 
fen-uginous  powder,  of  a  colour  approaching  to 
green,  remamed. 

(p)  After  reduftion  with  the  black  flux,  lime, 
^Ai  borax,  the  fcoriae  were  tinged  partly  with 
iion,  and  partly  too  with  the  nickel ;  the  white 
t'^lus  was  ftrongly  attrafted  by  the  magnet. 

(g)  But  afterwards,  though  phlogifion  was 
added  abundantly  to  the  mafs  in  the  dilhes^  for 
tic  fpace  of  fourteea  hours,  yet  neither  fmoke 
tior  fmell  betrayed  any  fenfible  dif&pation  of  ar*. 
ftnic,  nor  was  the  weight  diminifhed  ;  but,  oil 
tie  contrary,  it  was  increafed  ^  by  the  roaft- 
iug ;  the  nietallic  ferruginous  calx  was  fcarcely 
SreeOi 

(hJ  After  the  reduftion  the  regulus  was  femi- 
duftile  and  magnetic. 

(i)  This,  firft  fufed  with  lime  and  borax,  and 

aiterwsirds  united  with  that  which  was  mention- 

^  m  the  preceding  (§111.  o),  yielded  a  white 

femduftile  regulus  diftinfl:,  with  the  colour  of 

ptm  Cdhcy  and  hyacinthine  fcoriss. 

(x)  The  feme  regulus  was  fufed  with  fuU 

J^f  and  one  half  its  weight  of  the  minerali- 

(^a  «cd 
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zed  mafs,  imperfedly  roafted,  was  united  by 
fufion  with  a  portion  of  the  crude  mineral. 
TMs  fttlphurated  nickel,  well  calcined,  and  re- 
duced  with  a  double  quantity  of  black  flux, 
yielded  a  regulus  obedient  to  the  magnet, 
which  was  nearly  as  refradory  in  the  (ire  a» 
forged  iron. 

As  fulphur  has  a  ftrong  attradion  for  nick^, 
I  had  hopes,  that  this  mineralizing  fubftance, 
not  being  fufficient  to  faturate  both  the  nidd 
and  the  iron,  would  defert  the  latter,  and  ad- 
here to  the  former.  By  which  means,  the  iron 
entering  the  fcorias  might  be  eafily  feparated. 
The  following  paragraph  will  (hew  the  effefi 
of  this  conje&ure. 

S  V.   Nickel  depurated  by  Sulpburation, 

(a)^  800  parts  of  the  regulus  of  Cronftedt 
(S  III.)  fufed  with  fulphur,  and  a  fmali  quan* 
tity  of  borax,  yielded  a  mineralized  mafs  of  a 
reddi(h  yellow,  amounting  to  1700. 

(b)  One-half  of  this,  when  (irft  ezpofed  to 
fire  in  a  roafting  di(h,  began  to  grow  black, 
then  the  heat  was  increafed  until  yegetatiota 
arofe  j  the  metallic  calx  now  remaining  wdgb* 
ed  652. 

(c)  This  half,  fufed  with  borax,  and  die  (► 
ther  part  not  burned,  yielded  a  fulphurated  n- 
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gulus  of  a  whitifli  yellow  colour,   in  wdgbt 

XI02. 

(d)  The  fame  regulus,  by  a  calcination  which 
lalted  for  four  hours,  was  firft  covered  with 
vegetations,  and  afterwards,  upon  the  addition 
of  powdered  charcoal,  diffufed  a  continued  o- 
dour  of  arfenic ;  the  weight  of  metallic  calx, 
which  was  of  a  dilute  green,  was  1038. 

(e)  After  a  redudion,  a  whitifh  yellow  r6- 
,gulus  was  found,  in  weight  equal  to  594,  femi* 
dudile,  highly  magnetic,  and,  at  the  fame  time 
exceeding  refractory. 

(f)  lliis  was  again  fufed  with  fulphur,  whidi 
'being  done,  the  weight  was  equal  to  816 ;  one- 
half  of  which,  roafted  to  greennefs,  united  by 
means  of  fire  wi^b  the  other,  ftili  fulphurated, 
and  in  weight  509,  fcarcely  obeyed  the  mag- 
net.    After  a  calcination  of  four  hours,  during 

^iRdiicb,  by  means  of  the  phlogiflon,  much  ar- 
fenic  flew  oflf,  the' powder  put  on  an  afh^colour, 
a  little  greenifh,  in  weight  569,  which  by  re- 
dndion,  yielded  a  regulus  the  furface  of  which 
was  red,  and  which,  upon  breaking,  appeared 
of  a  white  afh-colour,  very  friable,  equal  to 
452 ;  the  fpecific  gravity  of  which  was  7,1730. 
(o)  The  regulus,  mineralized  a  third  time 
with  fulphur,  was  treated  in  the  fame  way  as 
i}efo]re  with  powder  of  charcoal,  fo  long  as  any 
'  ^veftiges  of  arfenic  remained,  which  required  « 
-Mhement  calcination  for  twelve  hours.    The 

powder 
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powdicr  then  remaining  was  of  an  afli-grpen  co- 
lour, and  weighed  364 ;  but,  the  regulus  ob- 
tained by  means  of  a  reduction,  e^ede^  by  a- 
pofure  to  a  mod  violent  heat  in .  a  forge  £ar 
three-quarters  of  an  bour^  was  fo  lefra^ry 
^hat  it  only  adhered  imperfedly  to  the  fcoris, 
which  were  of  a  diftinft  hyacinthine  colour .j  nor 
could  it  be  reduced  to  a  globule  by  the  addition 
of  borax,  though  urged  by  the  fame  Ychemencf 
pf  fire.  The  abfolute  gravity  of  this  regulus 
was  180,  but  its  fpecific  gravity  8,6666 }  and 
it  not  only  adhered  ftrongly  to  the  magpet,  but 
to  any  other  piece  of  iron,  nay  the  fiaall  pieces 
pf  it  attraded  one  another ;  it  was  befides  b 
jdudile,  that  from  a  glpbule,  whofe ,  diameter 
did  not  excee4  one  line,  a  plate  of  three  lines 
in  diameter  anc^  upwards^  might  be  obtained  by 
the  hammer  :  It  was  of  a  whitifh  colour,  mix- 
ed with  a  glittering  kind  of  red  :  Diflblved  in 
volatile  alkali,  it  yielded  a  blue  colour^  and  in 
jiitrous  acid  a  full  green. 

One  hundred  parts  of  the  fame  regulus, 
beaten  out  into  thin  plates,  after  a  calcination 
of  four  hours,  were  covered  with  a  cruft  in  ap- 
pearance martial,  under  which  was  a  green 
powders  ^^^  within  a  nucleus,  confiAing  of  r^ 
^guline  particles  unchanged  :  The  weight  vm 
increafed  by  5.  The  friable  matter,  reduced  ft) 
powder^  put  on  a  brownifh  green  colour^  and 
after  9  cs^lcination  of  four  hours  more^^sottcret- 
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ed  at  the  bottom  in  the  form  of  a  friable  black- 
ifli  cruft,  which  was  ftrongly  magnetic,  and 
we^hed  too.  The  cruft  was  afterwards  com- 
minuted,  and  roafted  for  three  hours,  with  the 
iddition  of  powdered  charcoal,  yet  neither  were 
any  vefliges  of  arfenic  difcovered,  nor  was  the 
magnetic  power  deftroyed  ;  but  the  weight  was 
DOW  105,  and  the  colour  little  changed.  Thig 
powder,  fufed  for  an  hour  with  lime  and  borax, 
yidded  a  regulus  of  72  lb. :  This  was  red,  an- 
gular, (emidudile,  and  altogether  magnetic; 
Xhe  fpecific  gravity  of  it  was  8,8750.  The 
Eune  globule,  dilTolved  in  aqua  regia,  was  in- 
deed precipitated  by  martial  vitriol,  as  if  loaded 
with  gold ;  but  the  fediment  was  very  eafily  fo- 
hible  in  nitrous  acid ;  hence  it  appears  not  to  be 
gold.  But  mod  of  the  reguli  wh^h  we  obtain- 
cd,  Ihewed  no  iigns  of  precipitation  with  mar- 
rial  vitriol :  Hence  it  clearly  appears,  that,  even 
if  gold  be  fometimes  prefent,  yet  it  is  not  al- 
ways the  cafe. 

(h)  800  parts  of  the  ore  of  nickel,  whidi  is 
found  in  Saxony  at  Johan  Georgenftadt,  roaft- 
ed for  fourteen  hours,  and  freed  as  much  at 
poifibie  from  arfenic,  by  means  of  powdered 
charcoal,  loft  248  of  their  weight.  After  re- 
du&ion,  and  the  firft  mineralization  performed 
ia  the  ufual  way,  it  was  remarkable,  that  the 
fatter  fulpburated  regulus,  which,  before  cald- 
natiWy- weighed  £30,  afterwards  wa#  equal  to 
q^4  M^  i 
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342 ;  and,  after  another  fulphuration  of  the 
fame  kind  in  the  lad  calcination,  had  its  weight 
increafed  from  70  to  78.  The  regulus  lad  ob- 
tained was  equal  to  22,  obedient  to  the  magnet, 
poffefling  a  fpecific  gravity  of  7>3333,  and  yield- 
ing with  borax  an  hyacinthine  glafs :  It  wa$ 
with  difSi^uhy  calcined,  but  at  length  fell  into  a 
greenifti  powder,  and  with  nitrous  acid  yield- 
ed a  folution  of  the  fame  colour. 

(i)  The  procefs  of  mineralization  and  calci- 
nation defcribed  in  (h),  was  repeated  with  loo 
parts  of  the  ore  of  Los,  and  that  without  any 
increafe  of  weight.  The  regulus  finally  obtain- 
ed was  in  abfoluie  gravity  i,  in  fpecific  gravity 
about  8  J  it  tinged  borax  of  an  hyacinthine  yel- 
low, and  nitrous  acid  of  a  green  colour. 
• 

§  VI.    Nickel  depurated  by  Hepar  Stdpbtiris. 

'  As  it  appears  from  experiment,  that  cobalt  is 
more  eafily  diffolved  than  nickel,  by  hepar  ful- 
phuris,  and  that  thefe  fubflances  may  thus^  to  a 
certain  degree,  be  feparated  in  the  fire,  a  fufpi- 
cion  arofe,  that  unequal  degrees  of  affinity  might 
produce  the  fame  eiFe£t  with  iron  and  nickd. 

(a)  58  parts,  therefore,  of  regulus  of  nidcd, 
which  had  before  been  fulphurated,  (%v.  o.)i 
fufed  with  1800  of  faline  hepar  fulphuris,  then 
dilTolved  in  warm  water,  filtered  through  paper, 
and  precipitated  by  an  acid^  yiekled  a  powder, 

whicbi 


OF       NICKEL.  249 

which,  roafted  in  a  diOi  till  the  fulphur  was 
confumed,  was  found  of  an  afli-colour,  and 
weighed  35. 

(b)  The  refiduum,  which  could  not  be  dif- 
folved  in  warm  water,  being  freed  from  fulphur 
by  means  of  fire,  was  alfo  of  an  aih-colour,  and 
weighed  334. 

(c  J  This  refiduum,  reduced  by  the  black  flux, 
yielded  a  friable  regulus,  which  was  indeed  but 
little  magnetic,  yet,  when  fufed  again  with  bo* 
rax,  exerted  that  property  (which  had  before 
been  weakened  by  the  fulphur)  in  a  higher  de- 
gree. 

(d)  The  fame  experiment  was  tried  with  a 
calcareous  hepar,  according  to  the  diredion  of 
Mr  Beaum^,  viz.  calx  of  nickel,  gypfum,  co- 
lophony, and  white  flux,  were  taken  in  equal 
proportions :  Thefe,  mixed  and  fufed,  yielded 
a  powdery,  fquamous,  reguline  mafs,  which, 
when  fufed  with  borax,  produced  a  regulus 
pofieifing  the  properties  of  nickel,  (but  not  en* 
tirely  deftitute  of  cobalt),  which  obeyed  the 
magnet,  and,  even  after  two  folutions  in  nitrous 
add,  and  various  reductions  by  fufion  with  bo- 
rax, did  not  part  with  its  iron  ;  it  alfo  reuined 
the  fulphur  obftinately. 

(b)  Regulus  of  nickel  was  diifolved,  in  the 
via  ficca,  by  a  faline  hepar  fulphuris  ;  and,  up- 
tm  the  addition  of  a  quantity  of  nitre,  fufficient 
only  to  deflroy  a  fmall  part  of  the  hepar,  the 

regulus, 
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teen  parts  of  nitre;  by  this  means,  at  firft,  all 
the  arfenic  was  feparated,  then  the  phlogifticap 
ted  nitrous  acid  flew  off,  and,  finally,  bludfh 
green  flowers  penetrated  the  fides  of  the  vefleL 
The  mafs  being  freed  from  alkali  by  water,  and 
dried,  was  of  a  dilute  green,  and  tinged  borax 
of  a  greenifh  brown. 

This  was  again  treated  in  the  fame  way  with 
1 2  parts  of  nitre;  and,  after  edulcoration,  yield- 
ed a  powder  flill  green,  which,  reduced  with  { 
black  flux,  -g-  lime,  and  ~  borax,  in  half  an  hour 
yielded  a  yellowiih  white  regulus,  both  magne- 
tic and  malleable,  and  poffefling  all  the  proper- 
ties of  nickel ;  its  fpecific  gravity  was  9,000. 
The  inflammable  ingredient  was  ufed  in  fmall 
quantity,  that,  if  poflible,  the  iron  might  enter 
the  fcorise. 

(c)  One  part  of  the  ore  of  Los  was  ftrongly 
ignited  in  a  crucible,  for  the  fpace  of  an  hour, 
with  eight  parts  of  nitre,  and  a  detonation  more 
diftinft  than  with  the  regulus  took  place  at  firih 
The  metallic  calx,  which  was  feparated  from  the 
faline  matter  by  water,  was  of  a  brown  ferrugi- 
nous colour,  fmiilar  to  that  which  is  wont  to  re- 
main after  calcination  with  charcoal-duft.  This, 
^y  redudion,  yielded  an  afhen-white  regulus, 
tenacious  and  magnetic,  of  the  fpecific  gravity 
^>5573  •  The  fcorias  were  black.  The  regulus, 
reduced  to  powder,  and  fufed  with  1 2  parts  of 
fiitre,  loft  much  cobak,  and  yielded  a  green 

calxi 


OF      NICKEL.  ^53 

calx,  which,  on  reduction  with  double  its  weight 
of  black  flux,  and  ^  quick*lime  and  borax,  left 
nothing  but  diftind  globules  of  nickel,  tenad- 
x>us  and  magnetic* 

(d)  One  part  of  Cronftedt^s  regulus  was  fu* 
led  for  three  hours,  with  eight  parts  of  nitre,  ia 
a  crucible,  to  the  cover  of  which  an  open  glafs 
tube  was  ib  adapted,  that  the  afcending  vapour 
might  be  colleded  there.  The  operation  being 
finifhed,  white  arfenic  was  found  in  the  upper 
pin  of  the  tube ;  but,  in  the  lower,  a  powder 
of  a  brown  afh-colour,  a  little  green,  which  tin- 
ged borax  of  an  hyacinthine  colour,  and  yield* 
ed  a  regulus  fo  loaded  with  arfenic  as  not  to  be 
Biagnetic.  The  fides  of  the  crucible  were  blue  ; 
but  the  laline  green  mafs  at  the  bottom,  on  e* 
ligation,  depofited  a  green  calx,  which  was  kept 
ignited  with  12  parts  of  nitre  for  the  fpace  of 
an  hour,  and  became  partly  blue,  partly  green : 
Bat,  afterwards,  when  only  ~  of  the  green  refi- 
doum  was  treated  in  the  fame  way,  the  whole 
appeared  blue }  yet  the  green  refiduum  was  dif- 
folved  in  nitrous  acid,  and  rendered  borax  of  an 
hyacinthine  colour ;  fo  that  it  confifted  of  nickel 
fnrrounded  by  a  blue  cruft. 

(xJI  As  the  experiments  above  related  fhew, 
by  means  of  nitre,  the  fmalleft  traces  of  cobalt, 
which  otherwife  would  be  completely  latent,  I 
examined  the  various  nickoline  produds  in  diih* 
es,  with  the  addition  of  nitre,  under  the  dome 

of 
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cf  an  affay  furnace :  Namely,  id.  The  rcgulus, 
(S  IV.  1.)  which  was  a  little  blue,  ad,  The 
rcgulus,  previoufly  diiTotved  in  volatile  alkali, 
(§  X.  A.)  which  manifefted  a  confiderable  quan^ 
tity  of  cobalt  that  had  lain  hid  before,  3d,  The  ' 
regulus,  previoufly  fulphurated,  which  tffuroti 
a  blueifli  pellicle.  4th,  The  globules  (c;,  which 
fent  forth  a  copious  quantity  of  blue  flowers^ 
5th,  The  fublimate  of  the  preceding  article  (d), 
which  fhewed  exceeding  weak  figns  of  a  blue. 
And,  finally,  6th,  The  hyacinthine  fcorias  of  nic* 
ke!,  which  were  of  a  beautiful  blue,  yet  contain^ 
ed  fo  little  cobalt  that  all  the  colour  could  be 
difcharged  from  the  glafs  of  borax  tinged  by  it, 
by  means  of  the  blow-pipe  j  which  yet,  on  tbe 
addition  of  a  fmall  quantity  of  nitre,  becomes 
blue :  For  the  nature  of  metallic  calxes  is  fuch, 
that  they  tinge  glafs  the  more  deeply^  as  they 
are  more  fpoiled  of  phlogifton;  and,  on  the  cott- 
trary,  when  they  recover  their  principle  of  in- 
flammability to  a  certain  degree,  all  tinge  va- 
nifces.  The  former  of  thefe  eflfedbs  may  be  pro- 
duced by  nitre,  the  fecond  by  fufion  on  char- 
coal, provided  the  calx  be  fo  fm^ll  in  quantity, 
and  fo  greedy  of  phlogifton,  as  to  be  faturated 
by  it  from  the  coal;  otherwife  thefe  hyacinthine 
fcorise  tinge  acids  of  a  green  colour,  and  are 
precipitated  like  nickel  by  phlogifticated  alkalL 
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S  viii.  Nickel  depurated  by  Sal  Ammoniac*  ^ 

As  iron  is  eafily  fublimed  by  means  of  fal 
ammoniacy  it  was  tried,  in  the  following  man-> 
ner,  whether  nickel  could  by  this  method  be 
freed  from  iron. 

(a)  a  calx  of  nickel,  fo  much  freed  from 
cobalt  as  not  to  tinge  borax  with  the  flighteft 
blue,  was  mixed  with  double  its  weight  of  fal 
ammoniac,  put  into  a  cucurbit  covered  with  an 
head,  and  expofed  to  a  fire  gradually  increafed 
until  the  glafs  grew  red.  The  bottom  was  ftain- 
ed  with  a  very  deep  hyacinthine  colour,  and 
exhaled  flowers,  which  adhered  to  the  fides ; 
thefe  were  partly  afli-coloured,  and  partly  white; 
which  laft  did  not  rife  fo  high  as  the  former. 

The  refiduum  exhibited  two  ftrata,  the  upper 
of  which  was  yellow,  fquamous,  and  fhining, 
like  aurum  mofaicum.  It  yielded  with  borax 
an  hyacinthine  glafs,  but  no  regulus  :  After  a 
few  days  it  liquefied  in  the  air,  acquiring  the 
confiftence  of  butter,  and  a  green  colour.  This 
reiidoam,  with  warm  water,  fhewed  the  fame 
properties  and  colour  as  calx  of  nickel ;  and  the 
folution,  which  was  green,  became  blue  with 
volatile  alkali,  but,  with  tindure  of  galls, 
'  fhewfd  no  vefliges  of  iron ;  a  circumftance 
which  alfo  took  place  in  the  flowers. 

Th^  inferior  flratum  contained  a  calx  of  nic* 
kel  not  yet  converted  into  vegetations,  and 

fomewbat 
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fomewhat  contaminated  with  marine  acid.  Tht 
colour  was  blackifh ;  and,  at  the  bottom,  of  a 
ferruginous  brown.  With  borax  it  yielded  aa 
hyacinthine  glafs,  and  a  friable  regulus  of  a 
reddifh  white,  and  fcarcely  magnetic. 

(b)  a  part  of  the  inferior  ftratum  (a),  fu^ 
blimed  with  double  its  quantity  of  fal  ammom- 
ac,  with  the  fame  degree  of  heat  as  before, 
(which  precife  degree  was  employed  in  the  fol- 
lowing), yielded  an  hemifphere  of  an  hyacin* 
thine  colour,  and  flowers  of  a  very  fine  white; 
but  the  refiduum  was  of  a  ferruginous  brown, 
greenifh  on  the  upper  part  towards  the  fides  of 
the  veflel. 

(c)  To  a  portion  of  the  inferior  flratum  re* 
duced,  was  added  20  parts  of  fal  ammoniaci 
which  were  fublimed  in  a  retort;  a  blackilh 
powder  remained,  which,  as  well  as  the  bottom 
of  the  veiTel,  by  calcination,  put  on  a  greeo^ 
and,  by  fcorification,  an  hyacinthine  colour. 

(d)  To  the  powder  remaining  (c),  was  added 
a  double  quantity  of  fal  ammoniac,  which  was 
again  fublimed  extremely  white,  and  the  green* 
ifh  mafs  which  remained  was  of  a  ferruginous 
brown  at  the  lower  part* 

(£)  Sublimation  was  performed  with  the  re« 
fiduum  of  (d)  and  a  double  quantity  <^  £U  am- 
moniac, and  yielded,  as  before,  exceeding  while 
ammoniacal  flowers ;  and  the  refiduum,  -vhicb 
was  very  green,  was  altogether  like  a  calx  of 

nickel 
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iuckel  diffolved  with  the  fame  colour  in  nitrous 
acidy  and,  by  redudion,  yielded  a  regulus  of 
nickel,  white,  bi  ittle,  and  very  little  magnetic. 

In  each  fublimation  the  volatile  alkali  rofd 
firft,  then  &A  ammoniac,  and,  finally,  a  portion 
of  marine  acid  came  over  into  the  receiver. 

S  IX.     Nickel  depurated  in  the  Humid  Way  by 
Nitrous  Acid. 

After  fo  many  experiments  made  by  the  via 
ficca,  many  others  were  tried  in  the  way  of  fo- 
Intibn,  beginning  with  the  cryilalized  fait, 
(which,  being  compofed  of  nitrous  add  and 
iljckd,  fliall  be  called  nitrated  nickel)  by  which^ 
if  poffible,  the  iron  being  depblogifticated, 
would  fisparate  from  its  menftruunu 

(a)  Nitrated  nickel,  fprinkled  during  cald** 
natioii  with  charcoal-duft,  fent  forth  a  large 
quantity  of  arfenic,  and,  after  redudion,  yidd^ 
ed  a  regulus,  grey,  femi-du£Hle,  and  magnetic* 

(b)  This  being  again  diflblved  in  nitrous 
add,  predpitated  by  fixed  alkali,  and  reduced^ 
yidded  a  brittle^egulus. 

(c)  The  iame  being  a  third  time  diflblved^ 
yidded  a  regulus  lemi-dudile  and  magnetic. 

(0)  This  operation  was  repeated  a  fourth 
famtm 

(b)  The  rq[ul«ivvl^^i^  diflblved  a  fifth  time, 
wai  fo  much  dimmiflied,  that  the  white  cabc 

Voi^  IL  R  obtamed 
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obtained  by  precipitation  could  not  be  any  6r* 
ther  examined. 

In  all  thefe  folutions  a  blackifh  reliduum  pre- 
fented  itfeU,  which,  when  fuffered  to  remain  ift 
the  acid,  grew  white  by  degrees ;  but,  when 
edulcorated,  and  laid  on  a  burning  coal,  eda- 
led  a  fulphureous  fmoke,  and  left  a  black  pot* 
der  foluble  in  nitrous  acid. 

§  X.     Nickel  Depurated  by  Means  of  VoM 
Alkali. 

In  order  to  difcover  the  tStSt  of  cauftic  lO- 
latile  alkali  in  depurating  nickel,  a  portion  of 
the  regulus  of  Cronftedt,  diffolved  in  nitioai 
acid,  precipitated  by  fixed  alkali,  edulcorated, 
and  dried,  was  treated  in  the  following  sun* 
ner : 

•  (a)  487  parts  of  this  calx,  immerfed  in  afu- 
perabundance  of  volatile  alkali,  after  twenty- 
four  hours,  yielded  a  refiduum  =  50,  of  a 
blackiOi  green,  and  a  folution  of  a  blue  colour, 
which,  when  filtered  and  infpiflfated  to  dryndi^ 
yielded  a  powder  of  a  light  blue  colour  =  28a: 
This,  reduced  with  black  flux,  produced  a  re- 
gulu5,  white,  femi-dudile,  and  highly  magne- 
tk,  =  ^5^  and  whofe  fpecific  gravity  was  7,000a 
The  fcoria  which  remained  was  a  light  red,  bot^ 
mixed  with  borax,  put  on  an  hyacinthine  co- 
lour, which  yielded  a  regulus  =  30.     This  re- 

guluiy 
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giilus,  udited  with  the  former  by  iheans  bf  fire^ 
was  very  refraftory,  fo  that,  even  with  the  ad- 
dition of  borax,  it  could  not  be  fiifed  by  the 
NoiHr-pipe.  During  calcination,  with  an  aban« 
daht  addition  of  charcoal-duft,  it  did  not  fend 
forth  a  ifaiell  either  arfenical  or  fulphureous.  In 
a  following  redu&ion  it  yielded  an  hyacinthine 
fcoria,  and  the  remaining  flocculi,  diflblved  in 
nitroui  acid,  formed  a  very  green  folution^ 
which,  upon  addition  of  volatile  alkali,  let  fall 
a  powder  of  the  fame  colour. 

(b)  Prom  50  parts  of  the  blackifli  green  re^ 

fidbum  was  obtained  a  regulus  of  a  clear  whitd 

colour,  brittle,  fquamous,  but  little  magtietic^ 

"^13,  and  of  a  fpecific  gravity  =^  9>3333-     ^ 

fcoria  of  an  obfcurely  blue  colour,  the  upper 

part  of  it  hyacinthine,  was  found  at  the  bottom 

of  the  veffeL     The  regulus  was  eafily  fufed^ 

•fid  tinged  borax  firft  of  a  blue,  then  of  an  hyi 

•dnthine  colour,   upon  which  it  grew  more 

^Dgly  magnetic*     By  the  afliftance  df  heat  it 

^dved  in  nitrous  acid,  and  was  of  a  beautiful 

Mue.    During  this  folution  a  black  powder  ap^ 

P^Tcd,  which  firft  floated  like  flocculi,  but  be^ 

^me  white,  and  fell  to  the  bottom ;  andj  after 

^ulcoration,  being  expofed  to  the  fire^  was^ 

*^r  the  mbft  part,  diflipated  with  a  fulphureous 

ffi^cll  J  but  thete  ftill  remained  at  the  bottom  a 

**Wle  mafs  of  a  brown  colour,  foluble  in  vola* 

'dt  alkali.     This  folution  was  precipitated  by 

R  2  phlogifticated 
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phlogifticated  alkali,  and  a  powder  throvn 
down  of  the  colour  of  calx  of  nickel ;  thissfooa 
grew  blue  with  volatile  alkali. 

Hence,  therefore,  it  appears,  that  nickel  ia 
eafily  and  n  totally  diifolved  in  the  volatile  alka- 
li, unlefs  the  efficacy  of  the  menftruum  be  ob« 
ftrudcd  by  the  prefence  of  fulphur. 

5  XI.  Nickel  can  fear cely  be  obtained  in  a  ^UH 
ofperfc£l  Purity. 

^  Upon  confidering  aR  the  experiment*  above 
related,  it  eafily  appears,  that  it  is  fcarcely  pot 
fible  to  ol^tain  a  perfeft  and  compleat  purifier 
tion  of  nickel,  from  all  heterogenous  mixtuxCi 
by  any  means,  at  lead  hitherto  known.  The 
fulphur  is  with  difficulty  expelled  by  calciiUp 
tions  and  folutions ;  (§  in.  l  ;  ix.  and  x.)  ;  arfe- 
nic  adheres  ftill  more  ftrongly  (§  iir.  aiid  iv.), 
but  by  means  of  charcoal-dufl  and  nitre  is  entirdy 
expelled  :  (§iii.  n.  vii.  b.)-  Cobalt  adheres  tbe 
mod  pertinacioufly  of  all,  for  by  the  addition  of 
nitre  its  prefence  has  been  detefted  evea  in  pro« 
dufts,  where  it  could  not  by  any  other  method. 
No  doubt  its  quantity  had  been  fo  much  dimi- 
niflied  by  the  nitre,  that  in  folution  it  was  total- 
ly imperceptible,  (§  vii.  d.),  would  fcarcdy 
tinge  borax,  and  the  tinge  which  is  commoai* 
cated  is  difcharged  with  the  blow-pipe,  by  tibe 
pMogifton  of  the  charcoal ;  all  which  circttoi- 

ftancai 
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flaacet ;  (as  the  colour  of  cobalt  is  very  rich)  de- 
monffaratc  its  being  prefent  in  exceedingly  fmaH 
quantity:  (§  vii.  £.}  •  But  I  am  the  rather  in- 
clined to  think,  that  even  this  fmall  portion  may 
be  (eparated ;  becaure  it  is  certain  that  the  laft 
produ&ions  of  the  blue  colour  are  not  to  be  a- 
icribed  CO  cobalt,  but  to  manganefe,  as  we  fhall 
demonftrate  more  clearly  hereafter ;  (  §  xii.)  ; 
yet  in  pradice  the  reparation  is  extremely 
troublefome  ;  for  thefe  reliquire,  extrafted  by 
the  nitre,  envelop  the  nickel  itfelf  (which  in 
this  operation  becomes  very  fpongy)  and  adhere 
£o  dofely  to  it,  that  mechanicflly  they  cannot 
poffibly  be  feparated,  and  fcarcely  by  menftrua, 
^  both  the  fubftances  are  thereby  diifoived  : 
By  fire  too  they  enter  the  fcoriae ;  at  leaft  in 
thefe  two  methods  fo  little  difference  is  difcer* 
niblc,  that  uulefs  a  large  quantity,  together  be* 
fubjeded  to  the  operation,  all  the  nickel  vani« 
fbei  together  with  the  cobalt. 

In  the  prefent  cafe  then  the  iron  alone  re- 
mains, and  the  quantity  of  this  cannot  be  dim!- 
pUbed  beyond  certain  limits ;  the  magnet  readi- 
ly difcovers  its  prefence,  and  not  only  the  regur 
U^  tried  in  different  ways^  readily  adhere  to  it, 
but  fome  of  them  actually  acquire^  a  magnetic 
power,  (S  V,  G.),  a  circumftance  highly  worthy 
of  obfervation  :  But  the  tenacity  and  difficulty 
of  fufion,  which  increafe  the  more  as  the  opera- 
tions are  longer  continued  upon  the  nickel, 

plainly 
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plainly  (hew  that  no  hope  remains  of  fepanting  . 
the  iron  ;  fo  that  neither  the  fcorifications,  nor 
the  lal  ammoniac  (§  viii.),  nor  the  nitre,  nor 
the  nitrous  acid  (§  ix.),  nor,  finally,  the  votadk 
alkali  (§  x.),  have  eflfeded  this  purpofe ;  altho' 
Juncker  fays,  that  nitre  attacks  iron  fo  powc^ 
fully,  that,  from  a  pound  of  fteel  filings,  deto- 
nated with  an  equal  quantity  of  nitre,  then  fu* 
led  and  elixated,  no  n^ore  than  half  an  ounce  of 
crocus  is  obtained. 

Befides  thefe  heterogeneous  matters,  bifinndi 
is  alfo  fometimes  prefent ;  but  this  is  very  ea% 
fepar^ted ;  for,  if  the  folutions  made  in  acids  be 
fu^ciently  diluted  with  water,  the  menftmoogi 
is  fo  much  we^ened,  and  the  calx  of  bifinu^i 
falls  tQ  the  bqttom  like  a  white  powder. 

S  XII.     Whether  Nickel  be  a  dijiina  Meiah 

It  may  now  be  properly  inquire49  whether 
nickel  be  a  di(lin£t  metal,  or  whether  it  be  a 
mixture  ms^de  by  the  hands  of  Nature,  from 
pthers  intimately  united  ? — We  have  already 
pbferved  that  arfenic,  copper,  cobalt,  and  iron, 
have  been,  by  various  authors,  confidered  as  its 
proximate  principles. 

With  refpeft  to  arfenic,  we  may  very  fafcly 
•  excludip  it  from  the  number,  as  the  experiments 
above  defcribed  fhew  that  it  may  be  entirely  ex- 
pelled. 

It 
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It  Gannot  be  doubted  but  that  copper  is  pre* 
fent  in  Ibme  ores  of  nickel,  and,  therefore,  may 
eaiily  be  mixed  with  the  regulus ;  but  the 
greater  number  are  entirely  without  it.  It  is 
true  that  nickel  is  totally  foluble  in  volatile  al- 
kali, and  that  this  folution  is  of  a  blue  colour 
($  X.  B.) ;  but,  if  this  argument  held,  there 
would  be  nothing  found  here  but  copper ;  and, 
if  this  were  the  cafe,  very  different  phaenomena 
vould  appear  from  thofe  which  the  nickel  pro- 
duces. That  both  thefe  fubftances  form,  with 
Tolatile  alkali,  folutions  of  the  fame  colour,  no 
more  proves  the  identity  of  ihefe  fubftances, 
than  does  the  yellownefs  of  the  folution,  both 
of  gold  and  iron,  in  aqua  regia,  prove  the  iden- 
tity of  thofe  metals.  Nickel  and  copper  agree 
alio  in  this  property,  that  they  are  both  preci- 
pitated from  acids,  and  from  volatile  alkali,  by 
iron }  but  in  the  manner  of  this  precipitation  a 
confiderable  difference  appears.  Let  a  piece  of 
polifhcd  iron  be  plunged  into  a  folution  of  nic- 
kel, and  a  yellow  pellicle  of  nickeU  will,  by 
degrees,  adhere  to  it ;  which  difappears  upon 
touching,  and  foon  grows  black,  unlefs  the  acid 
be  well  faturated,  or  fufficiently  diluted  with 
water.  A  fimilar  precipitation  is  obferved  if 
zinc  be  ufed  inftead  of  iron ;  but,  in  folution  of 
copper,  fo  much  diluted  tliat  the  precipitation 
C3  iron  may  be  nearly  fimilar  to  that  of  nickelt 
R  4  zinc 
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rf  difference  there  are,  which  may  be 
loTcr  in  Clence. 

►  thfifcfore,  only  remains ;  and,  indeed, 
\  ira  many  and  weighty  reafons  which  in- 
iw  to  think  that  nickel,  cobalt,  and  man* 
ky  are  perhaps  to  be  confidered  in  no  other 
ftbii  modifications  of  iron. 

Ifiifl,— in  general,  we  obferve,  that  un* 
tporrtions  of  phlogifton,  united  to  the  fame 
tliange  its  qualities  in  a  remarkable  man* 
[Fof  inftance.  How  very  much  do  the  dif- 
kinds  of  iron  and  fteel  differ?   It  is  then 
|oWer\ed,  that  nickel,  cobalt,  and  manga- 
levcr  operations  they  may  be  fubjefted 
'  fo  far  from  being  deprived  of  iron,  that, 
contrary,   they   thereby  become  more 
^£i  magnetic,   and  refraclory,     iigain,  the 
'colours  which  nickel,  cobalt,  and  man* 
Cicbibit,  both  by  foluiion  and  by  fire, 
►  tthibitedby  iron-     Cobalt  and  manga" 
m  a  red  colour  ij^cids,  and  the  lat* 
\  i   nickel  and  mangancfe  occalloo  an 
i,.  colour  when  fufed  with  borax  ;  a 
in  adds  by  nickdi  as  alfo  by 
lefe  (m;,  when  long  and 
%nd  it  often  leaves  behind  a 
tr^ur,  if  the  reduftion  be 
^  &ixy     ""  ally,  cobalt 
he  t  colour  in 

glalii 
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zinc  is  immediately  covered  with  a  cnift  of  die 
colour  of  mountain  brafs. 

The  experiments  above  defcribed  fufficiently 
fliew  that  cobalt  does  not  belong  to  the  eflenctt 
of  nickel  (§  x.  xiii.  k.);  yet  to  thefc  ve  fhall 
add  the  following :— Nickel,  di({blyed  in  hepar 
fulphuris,  is  precipitated  by  cobalt :  With  what 
juftice  then  can  we  aiErm  them  to  be  one  and 
the  fame  ?  In  the  fame  way,  nickel  tinging  bo? 
rax,  or  microcofmic  fait,  in  the  via  ficca,  j% 
thrown  down  by  the  addition  of  a  proper  quan- 
tity of  copper  i  but  this  is  not  the  cafe  with  co- 
balt. Thefe  circumftances  are  fq  remarkablei 
as  of  themfelves  to  banifh  all  doubt.  But,  with 
the  acids,  a  remarkable  difference  conftantly 
occurs:— I  ft.  Cobalt  tinges  all  thefe  menftnu 
pf  a  red  colour,  and  yields  cryflals  either  of  a 
yellow  or  blueifh  red ;  but  nickel  produces  fo- 
lutions  and  concretions  of  a  fine  green;  it  fome* 
times  happens,  indeed,  that  the  red  folutions 
yield  greenifli  cryftals  ;  but  this  is  to  be  attri* 
buted  to  nickel  mixed  in  fmall  proportion  with 
the  cobalt.  2d,  Cobalt,  united  with  marine 
acid,  affords  a  fympathetic  ink ;  but  depurated 
nickel  does  not.  3d,  Cobalt,  diffolved  in  vola- 
tile  alkali,  is  red ;  but  nickel,  diffolved  in  the 
fame  alkali,  is  blue.  4th,  Cobalt  does  not,  like 
nickel,  feparate,  upon  the  addition  of  arfenical 
acid,  a  powder  difficultly  foluble.     Many  other 

poim< 
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points  of  difference  there  are,  which  may  be 
pafled  over  in  filence. 

Iron,  therefore,  only  remains ;  and,  indeed, 
there  arc  many  and  weighty  reafons  which  in- 
docc  us  to  think  that  nickel,  cobalt,  and  man- 
pnefe,  are  perhaps  to  be  confidered  in  no  other 
fcht  than  modifications  of  iron. 
•  And  firft,— in  general,  we  obferve,  that  un- 
cqoaLponions  of  phlogifton,  united  to  the  fame 
liofl,  change  its  qualities  in  a  remarkable  man- 
ner: For  inftance.  How  very  much  do  the  dif- 
ferent kinds  of  iron  and  fteel  differ?  It  is  then 
to  be  obferved,  that  nickel,  cobalt,  and  manga- 
ode,  whatever  operations  they  may  be  fubjeded 
to,  are  fo  far  from  being  deprived  of  iron,  that, 
on  the  contrary,  they  thereby  become  more 
dnftile,  magnetic,  and  refraftory.     ^gain,  the 
various  colours  which  nickel,  cobalt,  and  man- 
ganefe,  exhibit,  both  by  folution  and  by  fire, 
are  alfo  exhibited  by  iron.     Cobalt  and  manga* 
nefe  occafion  a  red  colour  iiyncids,  and  the  lat* 
ter  in  glafs  ;    nickel  and  manganefe  occafion  an 
hyacimhine  colour  when  fufed  with  borax ;  a 
groen  is  produced  in  acids  by  nickel,  as  alfo  by 
its  cahc,  and  by  manganefe  (m),  when  long  and 
ftrongly  cdcined  ;  and  it  often  leaves  behind  a 
fcoria  of  the  fame  colour,  if  the  reduction  be 
performed  with  a  faline  flux.     Finally,  cobalt 
pccafiqns  a  blue,  or  rather  a  violet  colour  in 
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glafs;  and  the  fame  is  true  of  manganefe  dlf- 
foived  in  fixed,  and  nickel  in  volatile  alkali. 

Iron,  too,  exhibits  all  thefe  varieties  ;  for  the 
acids  take  up  this  metal  of  a  green  colour,  fo 
long  as  it  contains  a  certain  quantity  of  phlo* 
giftonj  but,  in  proportion  to  the  diminution  of 
this  principle,  a  yellow,  a  red,  or  a  browniih 
red  colour  is  produced.  It  tinges  glals,  in  the 
fame  manner,  green  yellow,  black,  or  red.  If 
expofed  to  the  fire  for  many  hours  together, 
with  nitre,  the  bottom  and  fides  of  the  crucible, 
it  is  true,  tranfude  fah'ne  flowers,  either  blue, 
greenifli  blue,  or  greenifii  purple ;  but  an  cfflo- 
refcence  of  the  fame  kind  is  occafioned  by  nitre 
alone ;  for  this  fait,  by  a  long  continued  fire, 
penetrates  the  veifels,  and  immediately  upon 
contad  of  ignited  phlogifton  is  decompofed, 
and  the  alkaline  efflorefcences  are  made  blue  by 
the  manganefe,  which  is  always  prefent  in  the 
circumjacent  aflies ;  thefe  verge  more  to  a  green, 
in  proportion  as  the  crocus  martis  is  more  co- 
pious ;  befides,  iron  itfelf  is  often  found  mixed 
with  manganefe. 

From  hence,  therefore,  it  appears,  that  the 
blue  flowers,  which  were  expelled  from  nickel 
by  means  of  nitre,  are  the  produce  of  manga- 
nefe, as  thefe  impart  to  glafs  nothing  of  the  co- 
balt colour ;  befides,  in  the  mineral  kingdoiD, 
we  find  the  nephritic,  fmegmatic,  ferpentine 
ftpnes,  and  jafpers,  clays  called,  from  their  co- 
lour, 
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lour,  ierres  verdesj  and  other  green  ftones,  lapis 
laxullj  native  PrufBan  blues,  and  other  blue 
fiones,  together  with  many  diyerfities  of  yellow 
and  red,  all  deriving  their  colour  from  iron. 

Whoever  rightly  confiders  thefe  circumftan* 
ceSy  will  think  it  not  an  improbable  conje&ure, 
(hat  thefe  femi-metals  are  derived  from  iron,  of 
which  they  cannot  be  entirely  deprived;  and 
froqi  hence  will  take  occafion  to  examine  this 
opinion  by  new'experiments  and  obfervations, 
which  may  either  ferve  to  eftablifh  or  overturn 
it«  In  the  mean  time,  we  (hould  be  carefully 
on  our  guard  againft  fuch  glimmering  lights, 
which  are  generally  fallacious.  So  long  as  no 
one  is  able  to  produce  any  of  thefe  metallic  bo*- 
dies  from  pure  iron,  and  to  explain,  in  a  clear 
9nd  intelligible  way,  the  procefs  by  which  man^- 
ganefe,  cobalt,  or  nickel,  may  at  pleafure  be 
generated,  fuch. vague  fufpicions  muft  give  way 
to  pbaenomena  and  properties  which  are  con- 
ftant,  and  the  fubflances  tbemfdves  continue  tp 
be  confidered  of  an  origin  altogether  diftind 
and  peculiar  to  themfelves.  It  is  fufficient  for 
oorpurpoles  that  thefe  metals  pofTefs  diflinck 
properties,  and  always  preferve  their  own  pecu- 
liar nature,  until  we  (hall  be  better  inftrufted 
by  faithful  analyfis  and  fynthefis.  There  is  no 
doubt  that  many  metals,  which  have  been  a 
k>ng  time  known,  and  acknowledged  to  be  di- 
|!inct  fub(lances,  would  fcarcely  have  endured 

more 
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mote  fevere  trials  than  nickel  does.  By  the 
fame  rule,  therefore,  fuch  metals  may  be  al« 
ledged  to  be  compounded.  If  the  genefnof 
natural  produftions  was  to  be  eftabliflied  by 
fancied  metamorphofis,  the  whole  truth  and 
certainty  of  natural  philofophy  muft  foon  bt 
overturned.  So  long  as  plauHble  conjedmtt 
are  fubftituted  for  opinions  formed  on  the  fure 
bafe  of  experiment,  we  fhall  always  embrace 
the  fliadow  for  the  fubftance* 

S  xui.     Synthetical  Experiments. 

Although  the  fynthetical  experiments  whidi 
I  undertook  with  intent  to  difcover  the  origin 
of  nickel,  were  in  that  view  incffedual,  yet  I 
think  it  proper  to  relate  the  principal  of  thenn, 
that  the  way  may  be  more  eafy  to  others*  The 
fpecific  gravity  of  the  copper,  iron,  cobalt,  and 
white  arfenic,  employed,  were  9,3243,  8,3678, 
8,1500,  and  4,0000,  refpe£lively. 

(a)  Equal  parts  of  copper  and  iron^  united 
by  fufion  with  black  flux,  yielded  a  red  maft, 
whofe  i^cific  gravity  was  8,5441,  which  tinged 
nitrous  acid  firil  blue,  then  green,  afterwardi 
yellow,  and  at  length  an  opaque  brown. 

(b)  Two  parts  copper,  and  one  of  iron,  uni- 
ted, had  a  fpecific  gravity  equal  to  8^634*  The 
mixture  yielded  iirft  a  blue^  then  a  green  fob* 
tion. 

(c)  Equal 


( 
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(c)-  Equal  parts  of  copper,  iron,  and  cobalv 
yielded  a  regulus  of  the  fpecific  gravity  8,0300, 
whidi  imparts  to  the  menilruum  a  brown  co« 
lour. 

(p)  One  part  of  copper,  one  of  iron,  and  two 
of  arfcnic,  formed  a  brittle  mixture  of  a  fpecific 
gravity  equal  to  8,0468,  which  formed  a  blue 
foiution. 

(e)  One  part  of  copper,  one  of  iron,  two  of 
cobalt,  and  two  of  white  arfenic,  yielded  a  brit- 
tle compofition  of  a  fpecific  gravity  equal  to 
8^186,  which  gave  a  brownifli  red  folution, 
and,  in  part,  precipitated  fpontaneoufly. 

(f)  One  part  of  copper,  one  of  iron,  four  of 
cobalt,  and  two  of  white  arfenic,  united  by  fu« 
fion,  formed  a  mafs  of  fpecific  gravity  equal  to 
S,57i4«  The  regulus,  diifolved  in  nitrous  acid, 
was  as  in  (e),  but  more  red. 

(o)  One  part  of  copper,  one  of  ircm,  four  of 
cobalt,  and  two  of  white  arfenic,  acquired  a  fpe- 
cific gravity  equal  to  8,2941 ;  they  were  dif- 
Jblved  with  a  red  colour,  and  depofited  a  fedi- 
ment. 

(h)  One  part  of  iron,  and  four  of  white  arfe« 
nic,  fufed,  were  diifolved  with  a  yellow  colour  ; 
and,  on  the  addition  of  phlogifticated  alkali,  im- 
n^ately  yielded  a  PruiEan  blue. 

All  thefe  mixtures,  expofed  to  the  fire,  left  a 
calx,  not  green,  like  that  of  nickel,  but  brown, 
black,  or  ferruginous. 

(1)  One 
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(i)  One  part  of  copper,  eight  of  iron,  fizteeA 
bf  white  arfenic,  and  foUr  of  fulphur,  unfted 
by  fire,  on  the  addition  of  black  flux,  yielded 
a  mafs,  which,  though  frequently  calcined  and 
reduced,  yielded,  nothing  but  a  ferruginous  or 
brown' calx ;  with  nitrous  acid  it  acquired! 
greennefs,  but  on  the  addition  of  phlogifticated 
alkali,  depofited  a  Pruilian  blue. 

(k)  Many  experiments  were  alfo  tried  in  the 
way  of  folution  ;  one  of  which  it  will  be  fuflS- 
cient  to  mention. 

One  part  of  iron  was  diflblved  in  fix  of  ni- 
trous acid,  and  alfo  feparated  by  one  part  of 
copper,  and  one  of  the  calcined  ore  of  cobalt, 
in  the  fame  quantity  of  the  fampacid  ;  then  the 
whole  of  the  folution  of  iron  was  mixed  with 
five  parts  of  the  folution  of  copper,  whence  i 
green  and  faturated  nickel  colour  was  formed, 
which  however,  upon  the  addition  of  three  parts 
of  the  folution  of  cobalt,  was  evidently  obfcil- 
ted :  The  alkaline  lixivium  was  dropped  itito 
this,  by  which  at  firft  a  ferruginous  brown  fc- 
diment  fell,  the  folution  flill  remaining  green} 
but,  afterwards  all  the  blue  was  precipitated,  by 
which  at  firft  all  colour  was  deftroyed  ;  but  af- 
terwards a  red  appeared,  occafioned  by  the  co- 
balt diffolvcd  in  the  alkaline  fait.  The  fedl- 
ment,  when  reduced,  yielded  a  regulus  fimilar 
to  copper,  and  duflile,  which  tinged  both  glafi 
and  nitrous  acid  of  a  blue  colour. 

If 
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If  a  faturated  foludon  of  nickel  be  mixed 
tirith  half  its  quantity  of  folution  of  cobalt,  the 
green  colour  is  much  obfcured  ;  but,  four  parts 
of  the  former,  upon  the  addition  of  three  of 
the  latter,  put  off  all  appearances  of  nickel. 

§  XIV.  Properties  of  depurated  Nickel. 

I  have  not  been  able  to  determine  accurately 
what  are  the  properties  of  nickel  when  perfeft- 
lyyure,  as  the  perpetual  prefence  of  iron  in 
fiame  refped  obfcures  its  properties. 

(a)  The  fpecific  gravity  cannot  be  afcertain- 
ed,  efpecially  as  the  quantity  of  iron  is  un- 
known. Let  us  fuppofe  that  the  pureil  nickel 
we  can  obtain,  contains  of  iron  a  weight  =  p, 
and  of  real  nickel  ==  q  ;  as  alfo  that  the  fpecific 
gravity  of  the  former  ingredient  is  f,  of  the  lat- 
ter n,  and  of  the  mixture  a ;  then,  from  the 
known  laws'ofhydroftatics — --ll Now  it 

appears  by  experiment,  that  the  weight  of  iron 
is  more  increafed  by  calcination  than  that  of 
any  other  metal,  even  to  0,36  :  Since  then  the 
calx  of  purified  nickel  increafes  ;  -5^  (§  iv.  o.) ; 
if  one  half  be  afcribed  to  the  nickel,  as  much 
muft  neceffarily  belong  to  the  iron  :  Befides, 
let  4-  the  increment  be  fubtradcd,  as  owing  to 
the  charcoal-dufl,  neverthelefs  the  refiduum 
fliews  that  more  than  \  confifls  of  iron.  Let 
therefore  p  =  i.  f  =  ?jOoo,  a  =  9,000,  (§ 

VII. 
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Tii#  B.)»  q  will  be  =  2^  and  n  =  9,60c.  .  Tfee 
data  of  this  calculation  were  fo  taken,  that  the 
value  of  n  (hould  come  out  lefs  than  the  truth ; 
for  the  increment  of  the  nickel  is  put  equal  to 
that  of  the  iron,  which  is  hardly  probable }  dien 
the  quantity  of  iron  *is  eftimated  only  at  ^,  al- 
though it  i&  certainly  greater ;  and,  finally,  \  ci 
the  increment  is  afcribed  to  the  charcoal-duft, 
although  other  experiments  ihew  that  it  addi 
little  or  nothing  to  the  weight ;  hence,  there* 
fore,  we  conclude,  that  the  true  fpecific  grwijfj 
of  nickel  is  not  lefs  than  9,000  at  lead.  The 
calculation,  indeed,  fuppofes  that  the  bulk  re* 
mains  unchanged  in  the  mixture,  which  is  a 
thing  that  rarely  happens ;  but  the  error  thence 
arifing  never  exceeds  o,;^,  fo  far  as  is  yet  knows, 
and,  perhaps,  in  the  prefent  cafe,  is  rather  to  be 
added  than  fubtraded. 

If  a  fmall  portion  of  gold  entered  the  compo* 
fition,  the  greatnefs  of  the  weight  might  tha^e 
be  explained ;  but,  although  this  metal  is  al- 
moft  always  abfent,  as  we  have  before  obfenrcd 
(§  V.  G»)>  yet  thirty-fix  parts  of  it,  forty-eight 
of  iron,  and  one  of  copper,  were  formed  bv  fii- 
fion  into  a  globule,  the  fpeciiic  gravity  of  which* 
was  8,8571,  but  was  little  foluble  in  nitrous 
acid ;  yet,  after  lying  two  hours  in  the  menftm- 
um,  the  gold  was  to  be  feen  plainly,  and,  with 
volatile  alkali,  the  menftruum  yielded  nothing 
but  a  ferruginous  brown  precipitate,  which,  in 

die 
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fhtttt^pm^omthczpfeanDctof  nn&ediras; 
MTMwkidk  pntkabn  it  differs  firom  nkkjcL 

^)  The  Muiii^i  of  nickd  in  ail  the  adds 

aecf  a  graci  oolonr.    Hie  rirriolic  add  takes 

If  Ae  cals^  aad  fiprais  a  green  decaedial  bik^ 

tf  M  alHHinoai  comprcffisd  figure,  the  tvo  cp* 

|Bfiie  afkci  cnuicated  ;  this  add  (carcelj  attac* 

bithei^galos  but  by  erapondon  todiyneis. 

Jkfwknm^  add,  by  the  affiftance  of  heat,  dif* 

fin  bodk  ilie  calx  and  the  regolos,  and  lanDS 

Ikofc-graen  crjftals,  ^thde  and  deUqocfcent. 

Tkaaraie  add  diflblres  both  the  regolus  and 

fpccda^  but  flovly,  and  not  vithout  die  affil* 

taveoflKatp    Both  nitrated  and  lalited  nidiel, 

via  fircfliy  ddiqnrfrr ;  but,  by  long  continu* 

mt  m  a  fitee  and  warm  air,  gradually  lole  their 

9aip  lb  ihat  at  length  a  green  calx  of  nickel, 

ibed  with  iron  and  arfenic,  remains  behind. 

Add  of  aifenic,  with  die  calx  of  nickd,  con- 

oocs  into  a  green  iaiine  mafs ;  but,  with  the 

nqgolns,  it  fepaiates  a  iaiine  powder  diflkult  of 

MiPH*»-    Tht  ^uor  add  forms,  with  calx  of 

Bsckd,  (which  it  does  not  eafiiy  diflblve),  cryf- 

ab  of  a  dilute  green.  The  acid  of  borax  fcarce 

liflblTes  nickel  diredly,  but  takes  it  up  by 

neans  of  a  double  ele&ive  auradion.    Vin^ir 

Forms,  with  the  calx  fpathofe  cryftals  of  an  in* 

enfidy  green  colour,    b  is  fcarcdy  diffQlved  by 

^pd  of  tartar,  at  leaft  this  menftruum  is  not 

ingcd  by  it.    Add  of  fugar  changes  both  the 

Vol*  IL  S  regains 
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regulus  and  the  calx  to  a  white  powder,  not 
eafily  fpluble  in  water.  The  acid  of  phofpho- 
rus  has  but  little  attradion  for  the  calx  of  nic« 
l^ely  with  which  it  does  not  form  cryflah,  naf, 
the  folution  is  fcarcely  green.  The  acid  of  ants, 
by  decoftion,  or  long  digeftion,  attacks  the  new- 
ly precipitated  calx ;  for  the  folution  is  green, 
and,  upon  evaporation,  yields  cryftals  of  a  de^ 
green  colour ;  thefe  are  hemifpherical,  formed 
pf  filaments  diverging  from  a  center,  and  pel* 
lucid  'y  they  rejed  fpirit  of  wine,  and  are  fcarce* 
ly  Ibluble  in  water,  unlefs  it  be  (harpened  by  an 
acid.  Lemon  juice  does  not  feem  to  z€t  at  all 
upon  nickel. 

All  the  acids  are  tinged  of  a  very  deq>  co- 
lour  ;  and  this  property  of  nickel  is  extremely 
powerful ;  for  the  firft  regulus  (d),  as  well  a$ 
that  which  is  highly  depurated,  occafions  tfade 
tinges.  This  great  richnefs  of  colour  agrees 
well  with  the  idea  of  a  large  quantity  of  matter 
in  a  fmall  bulk. 

Volatile  alkali  diffolves  nickel,  and  the  folu* 
tion  is  blue ;  the  fixed  alkali  diflblves  very 
fparingly,  and  forms  a  yellow  folution. 

(c)  In  proportion  as  nickel  is  more  pure,  it 
is  the  more  difficult  of  fufion,  fo  that,  when  at 
its  great  degree  of  purity,  it  requires  for  fufioa 
nearly  as  great  a  degree  of  heat  as  forged  iroiu 
It  is  eafily  fufed  with  other  metals ;  but  its  fca^ 
pity  has  prevented  us  from  examining  the  phae- 

nomeiu 
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^omena  arifing  from  hence.  In  general,  how^ 
ever,  we  may  remark,  that  the  impure  regulut 
cannot  unite  with  filven  This  muft  be  attrt- 
buted  to  the  cobalt  which  it  contains ;  for,  when 
well  freed  from  that  metal,  it  eafily  unites  in 
equal  proportions  with  the  iilver,  and  that  with- 
out any  remarkable  diminution  either  of  white- 
oris  or  dudility.  This  mixture,  frifed  with  bo- 
laJTy  tinges  it  of  an  hyacinthine  colour.  Cop- 
per unites  more  flowly  with  depurated  nickel, 
yidding  a  red  and  duftile  metallic  mafs,  which 
tinges  borax  of  a  reddifli  hyacinthine  colour* 
With  an  equal,  or  eren  a  greater  bulk  of  tin, 
nothing  is  produced  but  a  brittle  mafs;  in  which 
tefped,  alfo,  nickel  differs  from  cobalt.  It  could 
not  be  amalgamated  with  mercury  by  tritura* 
don.  Depurated  nickel  meks  with  tin,  and 
forms  a  brittle  compound. 

It  may  feem  doubtful,  whether  nickel  is  to  be 
enumerated  among  the  du&ile  or  the  brittle 
metals.  Iron,  when  fufed,  is  almoft  always 
brittle ;  fo  that  its  duftility,  when  united  with 
nickel,  is  very  remarkable. 

(d)  Depurated  nickel  is,  with  great  difficulty, 
calcined  in  the  ordinary  way  in  the  affay-fur- 
nace,  and  afTumes  only  a  brown  colour;  but, 
by  means  of  nitre,  it  is  more  completely  dephlo- 
gifticated,  and  becomes  green.  The  metallic 
calx,  vitrified  with  borax,  produces  an  hyacin* 
thine  tinge,  which  yet,  if  occafioned  by  a  regu- 
S  2  las 
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lus  not  well  depurated,  vanilhes  on  continuing 
the  fire,  the  glafs  remaining  being  altogedier 
colourlefs,  and,  upon  the  addition  of  nitre,  only 
a  flight  blue  tinge  is  produced.  A  calx  of  well 
depurated  regulus  of  nickel  forms  a  permanent 
colour.  The  calx  of  nickel  communicates  alio 
to  microcofmic  fait  an  hyacinthine  colour,  whidt, 
by  long  continued  fufion  on  charcoal,  may  in- 
deed be  weakened,  but  hardly  entirely  dischar- 
ged. This  colour,  on  the  addition  of  nitrc^ 
changes  to  a  violet;  and,  on  increafing  the  quaii* 
tity  of  microcofmic  fait,  becomes  again  hyaciii" 
thine.  If  the  calx  of  nickel  be  added  to  £uura- 
tion,  the  fufed  glafs  appears  of  a  blood  coloiu; 
but,  upon  cooling,  grows  mor«  and  niore  j^ 
low. 
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%  I.     Hi/lorical  Introdu^iofu 

AR  SENIC  is  found  in  the  bowels  of  the 
earth,  either  in  a  metallic  form,  or  caU 
oned ;  or  finally,  intimately,  and  in  the  way  of 
folution,  united  with  fulphar.  This  diverfity 
could  not  efcape  the  firft  difcoverers ;  and  hence 
their  opinions  concerning  its  true  nature  were 
ftrangdy  contradidory  for  a  long  time. 

We  are  entirely  ignorant  at  what  time  it  be- 
gan to  be  dillinguKhed  from  other  minerals^ 
and  when  it  received  the  name  which  it  ftill 
continues  to  bear.  It  is  extremely  probable 
that  this  fubftance  was  firft  difcovered  by  thofe 
"who  wrought  in  the  roafting  and  fufing  of  ores^ 
betraying  itfelf  by  its  white  finoak,  its  garlic 
S  3  fmell. 
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fmell,  and  its  pernicious  effects  in  depramg 
metals,  and  deftroying  animal  life.  Ar^lode 
mentions  the  £«fS«;«x*)  >  ^nd  his  difciple,  Tbeo- 
phraftus  Er^fius/  fpeaks  of  Afftu».(^  \i^hich  was 
called  A^friuxti  by  Diofcorides  and  others,  who 
lived  about  the  beginning  of  the  Chriftian  acrau 
But  thefe  denominations  comprehended  only 
thofe  minerals  which,  by  Pliny,  and  other  La- 
Cin  authors,  are  called  fandarach  and  orpiment 
Aviccnna,  a  chemift  of  the  eleventh  century, 
who,  fo  far  as  we  know,  was  the  firft  who  dif- 
tributed  minerals  into  (tones,  metals,  falts,  and 
fulphurs,  not  only  fpeaks  of  white  arfenic,  but, 
what  is  remarkable,  of  its  fublimate.  Theo- 
phraftus  is  the  laft  who  mentions  the  reguloi, 
although  he  had  before  referred  fandarach  and 
orpiment  to  the  metallic  ftones.  It  is  unknown 
who  fird  reduced  white  arfenic  to  a  metaDie 
form.  Paracelfus,  in  his  Manual,  aflerts  that 
arfenic,  fubKmed  with  lime  of  egg-lhells,  be-  - 
comes  like  filver ;  and,  in  the  year  1675,  ^* 
meri  defcribed  a  method  of  fubliming  arfenic 
with  fixed  alkali  and  foap :  But,  in  the  year 
1649,  J.  Schroder  mentions  the  regulus  eliqua- 
ted  from  arfenic  or  orpiment  by  means  of  white 
flux,  charcoal-duft,  and  iron.  He  quotes  Clot 
faeus,  but  does  not  give  the  title  of  the  work* 
In  the  Pharmacopoeia  1644,  this  procefs  is  not 
to  be  found* 

Avkensaf 
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Ancenna,  and  many  after  him,  even  to  our 
times,  place  arfenic  among  the  fulpburs :  Al« 
bertus  Magnus  and  others,  among  the  faline 
bodies :  Beecher  conQders  it  as  a  foap,  or  a 
ialine  fulphureous  body.  Indeed,  as  white  ar- 
iienic  is  foluble  in  water,  it  is  plain  that  it  con- 
taini  fomething  faline,  although  no  appearance 
of  fach  a  thing  can  be  difcovered  either  in  the 
r^;ulus  alone,  or  in  its  mineralized  (late.  That 
this  faline  fubflance  is  of  an  acid  nature,  plain- 
ly appears  from  its  ready  union  with  alkalis,  e- 
^>ecially  as  the  celebrated  Macquer's  experi- 
ments ihew,  that  neutral  cryftallizable  falts  ma/ 
be  generated  from  thence  ;  but  until  our  coun- 
tryman Mr  Scheele's  time,  no  one  had  beeii 
zble  to  extrad  this  acid  in  its  pure  (late,  and  the 
ingenious  inventor  has  lately  defcribed  the  me- 
thod he  purfued. 

As  to  the  fulphureous  nature  of  arfenic^ 
which  fome  perfons  ftrenuoufly  inlift  upon,  it 
touft  be  confeffed  that  the  regulus  itfelf,  nay  e- 
Yen  orpiment  and  realgar,  sre  inflammable ;  si 
circumftance  which  however  does  not  take  place 
with  refpeft  to  white  arfenic.  If  therefore  the 
fulphureous  quality  is  to  be  determined  from  a 
fingle  property,  (in  the  fame  way  as  the  faline  J, 
it  appears  that  it  is  only  competent  to  arfenic  in 
a  certain  (late.  But  befides  arfenic,  2inc  and 
feveral  other  bodies,  which  are  eafily  inflamma- 
ble, are  not  however  from  thence  to  be  denomi- 
S  4  Bated 
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nated  fulphureous,  unlefs  we  will  confine  that 
appellation  to  the  quantity  and  connexion  of 
phlogiftoti  adapted  to  inflammation. 

It  is  commonly  faid,  that  arfenic  tnineraUascs 
metals,  and  therefore  it  is  confidered  as  a  fill* 
phur  by  fome,  who  yet  extend  the  idea  of  nu^ 
neralization  fo  far,  as  under  it  to  comprehend 
all  mixtures,  whereof  a  metal  forms  a  part: 
But,  if  we  examine  this  fignification  a  littk 
more  accurately,  we  (hall  eafily  fte  thjit  it  is  ex- 
tended too  far ;  for  if  this  be  admitted,  ve 
muft  at  the  fame  time  allow  that  no  native  m& 
tal  is  to  be  found ;  thus  the  gpld,  which  is  cal- 
led native,  is  fcarce  ever  perfedly  pure,  but  it 
mixed  more  or  lefs,  with  (ilver  or  copper.  Ll 
the  fame  way  filver  is  mixed  with  gold  or  cop- 
per ;  platina  with  iron  ;  copper  with  gold,  fil- 
ver, or  iron ;  nickel  with  cobalt,  &c«  If  there- 
fore arfenic,  which,  unlefs  in  its  reguline  (late, 
never  diffolves  other  metals  ($  vi.  a.),  be  con- 
fidered as  a  mineralizing  fubflance,  what  hin- 
ders us  from  fayin J,  that  gold  is  mineralized  by 
filver  and  copper,  and  in  general  every  metal 
mineralized  by  another  ?  Beyond  doubt,  the 
fame  reafon  holds  good  in  all.  With  much 
lefs  appearance  of  truth  can  we  fay,  that  metals 
are  mineralized  by  earths,  as  thefe  latter  are 
fcarce  ever,  except  mechanically,  mixed' widi 
the  ores. 

It 
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•  It  it  much  more  conformable  to  reafoii  and 
experience^  to  call  thofe  metals  mineralized 
vhich  arc  diffolved,  and  aduallj  concealed  by 
a  menftmunu  Sulphur  is  the  chief  agent  em- 
fdoyed  by  nature  for  this  purpofe;  and  al- 
though the  acids  of  fitriol,  of  nitre,  of  phof- 
phoTiis,  and  fometimes  even  the  aerial  acid,  oc- 
cafioil  the  metals  to  put  on  an  appearance  fo- 
re^ to  their  nature,  yet  the  number  of  thefe 
is  &  finall,  that,  compared  with  the  fulphurated 
miiierals,  they  almoft  vaniih. 

But  the  idea  of  a  mineralizing  arfenic,  per- 
haps, is  to  be  fought  for  further.  This  mine- 
ral^  fo  troublefome  to  the  mineralogift,  occa- 
fioned  the  alchemifts  to  fu^peft  the  eziftence  of 
a  certain  arfenical  principle  indifpenfably  necef- 
iary  to  the  perfedion  of  every  metal ;  a  fulpi- 
don  occafioned  by  their  ftrenuous  endeavours, 
daring  the  procefs  of  their  great  work,  to  dif- 
cover,  by  the  moft  fubtile  ratiocinations,  the 
true  compofition  of  metals.  Even  fo  late  as  the 
1773,  the  Royal  Academy  of  Sciences  at  Ber- 
lin propofed  the  following  problem,  ^uid  ar^^ 
Jenico  in  mineris  praefente  efficiat  natura  ?  Num 
idcneis  evinci  queat  expert  mentis  quod  niet alia  re  ve* 
raferficiat  ?  Etji  ita^  quomodo  et  quoufque  hoc  fiat  ? 
The  premium  was  adjudged  to  the  anfwer  of 
the  celebrated  Monnet,  in  which  be,  with  great 
ingenuity  and  truth,  confiders  arfenic  as  a  fe- 
mi-metal  differing  from  all  others ;  which  is  fo 

fkr 
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far  from  conftituting  an  effential  part  of  the 
texture  of  metals,  that  it  unqueilioAably  it  of* 
ten  totally  abfent,  and,  when  prefent,  is  always 
attended  by  ineonveniencies,  either  carrying  it 
off  in  its  departure,  or  fpoiling  the.mais.  Cer- 
tainly good  copper  is,  though  not  without  diffi« 
culty,  eliquated  from  the  grey  ore ;  and  filver^ 
equally  perfefi,  is  obtained  from  the  viticoui 
as  ftom  the  red  ore.  No  one  as  yet  has  beta 
able  to  perfed  any  metal  by  means  of  arfenic; 
and,  if  it  be  accidentally  found  mixed  wi^ 
others,  it  no  more  contributes  to  their  good- 
nefs,  than  the  lead  in  galena  is  ufeful  to  the  fik 
ver,  or  the  filver  to  the  lead.  If  recourfe  be 
had  to  an  arfenical  princijde  fo  fubtile  as  ID 
evade  the  obfervation  of  our  fenfes,  let  us  kave 
that  fubjed  to  be  difcuffed  by  its  authors. 

All  thefe  confiderations,  however  juft,  do  JtA 
prevent  us  from  afferting,  that  the  acid  of  arfe- 
nic, like  other  acids,  is  a  mineralizing  fob« 
ftance,  when,  at  any  time,  in  a  difengaged  ftate^ 
it  meets  with  a  metal  in  the  bowels  of  die  earthy 
and  in  that  form  unites  with  it. 

Among  the  chemifls  who  have  laboured,  du* 
ring  this  century,  to  difcover  the  properties  of 
arfenic,  the  celebrated  Brandt  mud  noc  be  o* 
mitted ;  he  being  either  the  firft  who  6bfer«ed 
many  of  them,  or  at  leaft  the  mofl:  accurate  ia 
their  defcription.  Mr  Pott  has  publifhed  • 
learned  treatife  on  orpiment }  }.  G.  Lehmatt 

another 
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another  on  the  fandarach  of  the  ancients ;  and 
many  other  books  there  are  upon  the  fame  fttb« 
jea. 

§  II.    Reguline  Arferdc. 

Arfenic  is  found,  in  a  metallic  form,  in  Bo- 
*  hernia,  Hungary,  Saxony,  Hercynia,  and  elfe« 
iriiere,  but  particularly  at  St  Marieauz  mines 
in  AUatia,  where,  not  long  (ince,  many  hun« 
dreds  of  it  were  extraded.  In  Germany  it  is 
called  Schoerbencobolt,  and  frequently  Fli^« 
enftein  or  Muckenpulver,  but  for  what  reafon 
I  know  not,  as  it  is  not  foluble  in  water,  and, 
dicrefore,  unlefs  when  dephlogifticated,  is  not 
at  all  proper  for  the  purpofe  alluded  to  by  the 
name ;  perhaps,  by  fpontaneous  calcination,  it 
becomes  fo  much  dephlogifticated  as  to  acquire 
a  d^ree  of  folubility. 

As  to  its  form,  it  is  often  found  fhapelefs, 
friable,  and  powdery,  but  fometimes  compad, 
dirided  into  thick  convex  lamellae,  with  a 
needle-formed  or  micaceous  furface*  It  admits 
of  a  polifli,  which  yet  is  foon  loft  in  the  ain 

When  frefh  broken,  it  appears  compofed  of 
finall  needle-like  grains,  with  a  leaden  colour^ 
which  yet  foon  grows  yellow,  and,  by  degrees, 
blackifh.  In  hardnefs  it  feems  to  exceed  cop- 
per; in  brittlenefs  to  equal  antimony. 
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A  regulus  may  alfo  artificially  be  produoi 
from  white  arfenic,  either  by  fubliming  it  widi 
oil,  black  flux,  or  other  phlogiftic  additamentii 
or  fufing  it  with  double  its  weight  of  foap  and 
pot-a(hes ;  or,  finally,  precipitating  it  by  fome 
other  metal  from  orpiment  or  fandarach,  fbfed 
with  fulphur  and  fixed  alkili.  That  whidii 
obtained  by  the  firft  of  thefe  methods  hati 
cryftalline  form,  more  or  lefs  regular,  cQscdnlt 
pyramidal,  or  even  prifmatic.  Sometimes  die 
artificial  regulus  is  fold  in  thick  cakes.  Its  fy^ 
cific  gravity  is  8,310;  and,  therefore,  acabk 
inch  weighs  about  43*19  drachms  avoirdupdi. 

The  mineral  commonly  called  Mifpickd  ii 
juftly  reckoned  a  regulus  ;  as,  when  totally  d^ 
prived  of  fulphur,  it  confifts  of  arfenic  and  iioa 
united  in  a  metallic  form ;  and,  although  die 
latter  amounts  to  4-9  or  fometimes  even  to  j, 
yet  the  compound  is  not  magnetic.  This,  wben 
ignited,  fends  forth  an  arfexiical  fmell,  and  ii 
dius  foon  rendered  magnetic,  although  the  ope* 
ration  be  performed  on  a  tile,  without  any  pUo- 
gifton.  It  eafily  flows  in  the  fire ;  and,  in  clofe 
veflels,  the  greater  part  of  the  regulus  of  arfenk 
rifes,  leaving  the  iron  at  the  bottom  ;  a  ooo^ 
pound  of  this  kind  may  alfo  be  artificial^ 
made. 

Reguline  arfenic  is  hr  more  volatile,  sod 
lofes  its  phjogifton  more  eafily,  than  any  other 
metal,  and,  therefore,  it  cannot  be  fu£pd }  u^ 

for 
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br  that  purpofe^  a  greater  degree  of  heat  is  ne^ 
zc&Tj  than  what  is  fufficient  to  calcine^  volati- 
liaBe»  and  inflame  it*  In  open  veflels,  it  begins 
BO  fend  forth  a  vifible^fmoke,  in  a  degree  of 
heat  s«  180^  of  the  Swedifli  thermometer.  In 
Ofder  to  inflame  it,  the  regains  muft  be  drop- 
ped into  a  veflel  of  a  proper  degree  of  heat ; 
foTf  if  the  heat  be  gradually  increafed,  the  me« 
lal  is  volatilized;  the  neceflary  degree  mufl: 
therefore  be  inftantaneoufly  applied.  The  flame 
i^  of  an  obfcure  whitifli  blue,  diffufing  a  white 
fimoke,  and  a  garlic  fmell.  In  clofe  veflels  it 
retains  iu  meuUic  nature;  and,  expofed  to  the 
fires  ^  fublimed  in  a  determinate  figure. 

g  m*     HMu  of  Rigidine  Arfemc  mixed  in  tie 
Vis  Sicca  with  other  Subftames. 

(a)  Arfenic,  in  a  reguline  form,  added  to 
m^als  in  fiifion,  melts  with  many  of  them,  but 
thereby  thofe  which  were  malleable  become 
bffitlle.  Such  of  them  as  flow  with  difficulty 
!whe&  alone,  become  more  fufibl^  by  means  of 
ailenic ;  but  thofe  which  foon  liquefy  (at  leaft 
tm)  become  more  refradory :  Thofe  which  are 
ydlow  or  reddifli  are  made  whiter,  according  to 
the  quantity  of  arfenic ;  and  fuch  as  are  white 
acquire  a  grey  colour,  tin  excepted,  which,  by 
this  means,  acquires  a  permanent  and  fliining 
vhitends,'  and,  by  fiifion,  is  able  to  retain  7  its 

own 
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own  weight;  nor  does  it  fpoil  the  colour  of  pbk 
tina  when  united  with  it.  Gold,  fiifed  in  a 
clofe  vefleU  takes  up  fcarcely  ^  filver  ^  lead 
j'^  copper  |>  and  iron  more  than  its  own  weight 
Iron,  by  means  of  a  large  quantity  of  this  am- 
tal,  lofes  its  magnetic  power ;  but  it  is  difficdt 
to  determine  exafUy  how  much  is  fuffident  fcr 
this  purpofe  (as  fome  of  the  iron  always  entm 
the  fcoria) ;  but,  undoubtedly,  lefs  than  an  c 
qual  quantity  is  fuf&dent.  Bifihuth  retains  a- 
bout-fy,  zinc -f,  regulus  of  antimony  |^  and 
manganefe  an  equal  quantity.  Nickel  ud  co- 
balt receive  fome  arfenic,  and  that  not  a  little; 
but  the  quantity  can  hardly  be  determined,  as 
thefe  metals  are  fcarce  ever  got  pure.  Regiu 
lus  of  arfenic,  in  a  fuffident  degree  of  heat,  anil 
by  triture  of  feveral  hours,  a&ually  takes  up  7 
of  its  own  weight  of  mercury,  and  forms  a  grey 
amalgam. 

By  means  of  heat,  in  an  open  veflel,  the  arfe- 
nic may  be  again  expelled ;  but,  flying  off,  it 
generally  jcarries  with  it  fome  of  the  metal  widi 
which  it  is  united,  gold  and  filver  not  excepted^ 
if  the  degree  of  heat  be  great,  and  fuddeidy  ap- 
plied ;  yet  platina  perfedly  refiflts  the  volati& 
zation ;  nay,  being  very  difficult  of  fuikm,  it 
even  retains  a  portion  of  the  arfenic.    . 

(b)  Regulus  of  arienic  cannot  be  united,  bf 
fufion,  with  alkaline  lalts,  until  the  phlogiftai 
js  fuffidently  diminiihed :  If^/ttieNfore,  the  r^ 

gulas 
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gulus  be  added  to  nitre  in  fufion,  after  detona« 
tion,  they  both  eafily  unite,  and  the  compound 
comes  out  exafkly  fimilar  to  that  made  with 
white  arfenic  (§  vi.  b.)« 

(c)  Regulus  of  arfenic,  expofed  to  diftilla- 
tion  with  the  dry  acid  of  arfenic  (§  v.  ),  fu« 
blimes  before  it  can  be  afted  upon  by  the  acid, 
which  muft  be  firft  melted ;  but  the  regulus, 
wrken  put  into  the  acid  in  fufion,  foon  takes 
fire,  and  fends  forth  a  white  fmoke;  for  the  acid, 
being  deprived  of  its  phlogifton  in  this  inftance, 
feparates  that  principle  from  the  regulus,  and 
takes  it  to  itfdf  in  fuch  quantity  as  to  regene- 
late  white  arfenic ;  and,  on  the  other  hand,  the 
T^rnlus,  by  means  of  the  fire,  is  fo  far  fpoiled 
of  its  phlogifton,  as  to  appear  in  the  form  of  a 
calx. 

(o)  This  regulus,  in  diftillation  with  corro- 
five  fublimate,  yields  a  fmoaking  butter,  with 
a  fmall  quantity  of  mercurius  dulcis  and  quick- 
filver*  In  this  cafe  the  principles  are  changed : 
By  means  of  a  double  elective  attradion,  the 
rc^golus  of  arfenic  yields  its  phlogifton  to  the 
bafe  of  the  corrofive  fublimate,  which  being 
tfaerdiy  really  calcined,  is  reduced  into  perfeO: 
mercury,  while  the  marine  acid  takes  up  the 
csdx,  of  the  arfenic. 

(e)  Sulphur  eafily  diJOfolves  the  regulus ;  and, 
by  fufion  and  fublimation,  yields  yellow  or  red 
oompoonds,  according  to  the  different  propor- 
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tion  C§  X.  B.)*  Hep^r  fulphuris  takes  up  the 
regulus)  but  this  laft  adheres  to  it  fo  logfe- 
ly,  that  it  is  precipitated  by  every  other  metil 
which  can  unite  with  the  hepar. 

§  IV.     Habits  <jf  ReguJus  of  Affenic^  untied  Jjt 
tbe  Via  Humda  with  oiher  Sulj/iances. 

(a)  Water  alone  has  no  eflfe£t  in  thi(  cafe. 

(fi)  Vitriolic  acid  does  not  attack  the  r^ 
lus,  unlefs  concentrated  and  ailifted  by  file. 
'P^e  inflammable  p^rt  of  the  regulus  phlpgifti' 
eating,  the  acid  flies  off,  fo  that  the  remainiog 
part  aflUmes  the  nature  of  white  arfenic,  aadi 
\irith  menftrua,  e:^ibits  the  fame  propertiet  n 
any  other  metallic  calx. 

The  fame  is  true  of  nitrous  acid,  except 
that  it  attrads  the  phlogifton  more  vehemently. 

Marine  acid  has  fcarcely  any  effed,  uskft 
when  boiling. 

Acid  of  arfenlc,  which  (hall  be  fpoken  of 
hereafter  (5  v.),  by  digeftion,  changes  the  re* 
gttlus  into  a  white  calx,  and  is  itfelf  altogether 
changed  (by  means  of  the  phlogifton  whidiit 
has  taken)  into  a  calx,  pravid,ed  the  phlogiftoa 
be  in  due  quantity. 

The  other  acids  I  pafs  over,  as  entirdy  it&^ 
fing  to  unite  fo  long  as  the  reguline  form  ie« 
mains }  for  no  metal,  except  when  more  or  \& 
deprived  of  phlogifton,  can  be  diflblved  in  t- 
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;•  This  impediment  is  very  eafily  removed 
the  nitrous  acid,  but  very  difficultly  by  ma« 
^  as  it  abounds  in  phlogifton  itfelf.  In  this 
;,  therefore,  the  fame  compounds  are  pro- 
ed  with  the  regulus,  as  thofe  with  white 
nicy  defcribed  in  $  vii.  c» 
t  muft  here  be  obferved,  that  folutions  of 
native  regulus  always  yield  a  Pruflian  blue 
ii  phlogifticated  alkali;  which  evinces  the 
fence  of  iron. 

feiides,  it  is  to  be  obferved,  that  the  regulus 
nly  precipitates  certain  metals  diiTolved  in 
b  J  fuch  are  gold  and  platina  in  aqua  regia, 
i  alfo  filver  and  mercury  in  vitriolic  or  ni- 
OS  acid.  The  filver  generally  appears  in 
utiful  polifhed  fpiculas,  like  the  Arbor  Dia- 
i  but,  U  the  arfenic  be  fuflfered  to  (land  long 
die  nitrous  folution,  but  little  diluted,  the 
er  fpiculse  are  again  diflblved,  the  arfenic 
oming,  in  the  mean  time,  dephlogifticated. 
otions  of  bifmuth  and  antimony  are  but  ob* 
rely  rendered  turbid* 

krfenic  and  iron,  naturally  united,  as  in  the 
jpickel,  may  be  feparated  by  digeftion  with 
line  acid  or  aqua  regia;  for  the  former  men* 
lum,  in  this  way,  only  attacks  the  iron ;  and 
latter,  although  it  can  diiTolve  both,  yet  is 
able  to  touch  the  arfenic,  fo  long  as  any 
I  remains.  In  order,  however,  that  all  the 
nic  may  remain  alone  at  the  bottom,  a  very 
'Oh.  II.  T  fubtilc 
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fubtile  pulverization  is  neceflary,  together  trith 
a  jull  quantity,  and  Itrength  of  the  menftruoa) 
and  heat  mull  alfo  be  carefully  avoided. 

(c)  The  alkalis  operate  more  flo\plyinthjO 
humid  than  the  dry  method ;  as,  befbcft  a  real 
union  cakes  place,  the  phlogifton  muft  be  dinE-^ 
nifhed.  a  faline  hepar,  by  boiling,  attacks  tkc 
pulverized  regulus;  for  that  which  is  predpS^ 
tated  by  an  acid,  yields,  by  fublimationy  a  tnac 
orpiment. 

(d)  ihe  fatty  oils,  when  boiling,  diflblvetlM 
regulus,  and  form  a  black  mafs  of  the  wE^ 
tence  of  a  plafter. 

5  V.     Calcined  Ar/enic. 

The  regulus,  with  a  very  gentle  heat»  Mh 
fo  much  of  its  phlogifton,  that  it  flies  off  iflt 
white  fmoke  ;  yet  all  the  metallic  calxes  retaa 
much  of  their  inflammable  principle,  althoof^ 
not  fufiicient  to  give  them  a  metallic  appearascei 
The  following  experiments  will  plainly  Qm% 
that  this  is  true  alfo  of  arfenic.-r-Let  alaxd 
arfenic,  moiftened  with  nitrous  acid,  be  ezpoiU 
to  heat,  and  a  copious  red  vapour  will  break 
forth,  which,  collefted,  exceeds  the  arfenic  four 
or  five  times  in  bulk ;  and,  upon  esaminatiaDt 
is  found  to  be  no  other  than  that  whicb^  by  th^ 
celebrated  Prieftlcy,  is  called  nitrous  air ;  how« 
per>  this  always  abounds  in  phlogifton,  an4 
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Icared7  contains  any  thing  elfe,  except  a  fmall 
portion  of  nitrous  acid,  dilated  into  an  elaftie 
fluid  by  the  abundance  of  phlogifton.  In  this 
cafe  the  inflammable  principle  can  be  derived 
from  no  other  fource  than  the  arfenic  ;  and  we 
fliall  foon  have  occaiion  to  take  notice  of  other 
proo& 

The  native  calx  of  arfenic  occurs  but  feldom 
in  Saxony  and  Bohemia ;  but  is  found  copiouf- 
ly  in  thofe  places  where  the  ores  of  cobalt  are 
ixafted,  and  is  collected  in  the  long  and  wind* 
ing  wooden  tubes  ufed  in  that  operation.  This 
finoke  is  found  fo  loaded  with  phlogifton,  that 
it  appears  grey;  but  is  foon  made  white  by  fub- 
Umation,  either  with  or  without  pot-a(hes.  This 
calx  is  volatile,  but  lefs  fo  than  the  femi- metal 
5^i  for  it  requires  at  leaft  a  degree  of  195^ 
V>  in  a  clofe  veiTel,  it  be  raifed  by  a  fire  a  little 
Ugher,  it  becomes  pellucid  like  glafs.  In  the 
^9  its  furface  foon  contrails  a  white  opacity ; 
but  diat  which  is  found  cryftallized  in  the  bow- 
dl  of  the  earth  is  not  fubjeft  to  this  change, 
The  fpedfic  gravity  of  white  arfenic  is  3,706, 
^  dot  of  the  glafs  about  5,000. 

It  flowly  excites  upon  the  tongue  an  acid  fub- 
Adcidtafte. 

White  arfenic  is,  in  reality,  nothing  elfe  but 

^  acid  different  from  all  known  acids,  and 

'^ed  with  fuch  a  quantity  of  phlogifton  as  is 

fi^fficient  to  coagulate  it.     100  parts  of  white 

T  2  arfeniij 
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arfenic  contain  at  leaft  20  of  phlogifton ;  aad| 
whatever  is  capable  of  feparating  fo  muchi  ii 
capable  of  leaving  the  acid  pure,  lliisacid 
fwhlch  has  been  examined  particularly  in  aa< 
other  place)  is  of  itfelf  fixed,  but,  when  made 
red  hot,  decompofes  the  matter  of  heat,  giiBf 
phlogifton  from  thence,  and  regenerates  irtute 
arfenic,  which,  loaded  to  faturation  with  phiov 
gifton,  becomes  reguline.  The  dry  add,  cr 
pofed  to  a  moift  air,  deliquefces,  and  falls  to* 
tally  into  a  limpid  liquor,  containing  fo  much 
water  as  is  neceflfary  to  the  folution  of  the  add 
in  a  moderate  temperature,  that  is  f  of  its  ova 
weight. 

It  is  highly  probable  that  all  the  metads  vt 
only  different  acids  coagulated  by  a  large  ^uin* 
tity  of  phlogifton,  although  the  connedion  of 
thofe  principles  is  fo  clofe,  that  we  are  hidierto 
Ignorant  of  the  means  of  feparating  them.  The 
metallic  calxes  always  contain  more  or  left 
phlogifton ;  and  moft  of  them  alfo  contain  aeri- 
al acid,  which  they  take  from  the  furrounding 
air  in  place  of  their  loft  phlogifton,  and  perti* 
nacioufly  retain  it ;  yet  fome  calxes  feem  always 
to  be  free  from  that  acid,  although  precipitated 
by  aerated  alkali.  It  is  alfo  certain  that  white 
arfenic  u  free  from  it.  But  this  dodrine  wS 
be  more  fully  illuftrated  in  another  place.  la 
the  mean  time,  it  appears  from  hence  wb^ 
opinion  is  to  be  formed  of  the  falta  and  ful- 
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I  of  metsds,  although  the  ideas  of  the  an- 
cims  iqxm  this  ftibjed  occafion  much  oblcurity. 
Hcoce,  alft>,  it  appears  why  earths  and  metal* 
Be  calzes  fix  arfenic    Nickel  and  cobalt  gene* 
valy  abound  with  arfenic,  which  cannot  be  ex- 
pelled by  calcination  alone ;  for,  when  a  great 
put  b  diffipated  by  the  force  of  the  fire,  the 
left  ctdier  gradually  lofes  its  phlogifton,  and 
like  a  fixed  acid,  or  is  united  by  fiifion 
the  metallic  earths ;  but  powder  of  char- 
being  added  during  the  calcination,  imme* 
a  large  quantity  of  fmoke  breaks  forth, 
finells  like  garlic,  and  is  nothing  elfe  but 
the  arfienical  add,  reduced  by  phlogifton  to  the 
farm  of  a  calx* 

5  ▼!•    Properties  of  Calcined  Arfenic  mixed  by 
the  Via  Sicca  with  other  Su^ances. 

(a)  White  arfenic  fufes  with  the  lame  metals 
at  die  regulus  does,  but  in  a  manner  fomewhat 
different.  It  is  true  that  no  calx,  as  fuch,  can 
be  united  with  metals ;  but,  neverthelefs,  the 
calx  of  arfenic  added  to  them,  when  fiifed  in  a 
crucible,  readily  unites  with  them ;  but  let  it 
be  remembered,  that  it  is  reduced  by  the  phlo- 
gifton of  the  fiifed  metai ;  therefore,  when  the 
metal  is  an  imperfed  one,  fcoriae  alfo  arife, 
conlifting  of  the  calcined  part  of  the  metal  and 
white  arfenic. 

Cb)  White 
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(b)  White  arfenic  inje&ed  into  fufed  vSae 
excites  a  violent  intumefcence  and  eflFervefcenoei 
hut  without  any  fcintillation ;  if  this  addidoa 
be  continued  until  a  new  portion  excites  no 
motion,  and  the  niafs  be  then  well  fiifed,  die 
produd  is  called  arfenic  fixed  by  nitre.  Da- 
ring this  operation  the  nitrous  acid  is  voladliased 
by  the  phlogiflon  of  the  metallic  calx,  and  tbe 
arfenical  acid,  being  difengaged,  unites  with 
the  bafe  of  the  nitre ;  however,  cryftsds  are  not 
obtained,  becaufe,  by  ineans  of  the  vehemence 
of  the  fire,  the  alkali  is  fuperabundant ;  but«  by 
a  juft  proportion  of  alkali,  and  a  due  degree  of 
heat,  cryftals  may  be  produced ;  for  the  vq^e- 
table  alkali  requires  a  flight  fuperabundance  of 
arfenical  acid  in  order  to  produce  cryflals :  TbS$ 
neceffary  fuperabundance  may  alfo  be  preferred 
in  a  crucible,  provided  the  fire  be  fo  regulated 
that  the  bottom  may  be  fcarcely  redj  it  fucceeds 
better,  however,  in  diltillation. 

The  refidua  of  the  diftillations,  performed 
with  an  equal  portion  of  prifmatic,  cubic,  or 
flaming  nitre,  all  yield  arfenicated  alkali,  which, 
after  folution  in  water,  may  be  cryftallized.  It 
is  vulgarly  fuppofed  that  thefe  cryflals  cannot 
be  decompofed  by  other  acids,  but  erroneoufly. 
It  is  evident,  that  though,  upon  the  addition  of 
another  acid,  the  alkaline  bafe  unites  with  it, 
yet  the  acid  of  arfenic,  being  itfelf  foluble, 
will  yield  no  precipitation^  nor  even  occafion  a 
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turbidnefs;  from  the  want  of  turbidnefs  ho« 
thing  Zi  yet  has  btcn  elUm  :ted  but  the  cohe- 
five  force  of  the  compound :  Bui  the  error  arifeg 
from  hence,  that  chemifts  have  fuppoitd  that 
mrhite  arfenic  enters  thole  falts,  when,  in  reali- 
tjy  it  is  only  the  acid.  Therefore,  in  order  the 
more  clearly  to  dii'cern  the  event,  we  fliould 
diflblve  the  arfenicated  vegetable  alkali  (the 
neutral  arfenical  lalt  of  Mr  Aiacquer)  in  vnrio- 
lie  acid;  this  being  done,  let  the  neutral  fait  be 
precipitated  with  highly  reclified  fpirit  of  wine^ 
and  wafhed,  which  is  very  eafily  done,  for  the 
Yitriobted  vegetable  alkali  is  not  at  all,  iand  the 
arfenicated  vegetable  alkali  but  very  fparingly^ 
Ibluble  in  this  fpirit.  The  fait  fcparated  in  this 
manner  from  the  difengaged  acid  is  focn  diftin- 
giiifhable,  and,  in  this  iailance,  exhibits  ai!  rhe 
properties  of  vitriolatcJ  vegetable  alkali.  Ihis, 
therefore,  is  undoubtedly  a  decompcfition  of 
the  arfenical  fah,  by  v/ay  of  foliuion  :  Here  the 
alkali  has  no  efiecl,  as  it  is  iifel:  unable  to  pre- 
cipitate. But  the  nature  of  thefe  falts  will  elfe* 
where  be  more  accur;itely  exaniinuJ. 

The  digeftive  Lit,  common  fah,  and  fal  am- 
moniac, are  not  changed  by  arrei:ic  ;  the  rea- 
jbn  of  which  undoubtedly  is,  that  the  marine 
acid  is  naturally  loaded  with  phit^^^iion. 

(c)  Corrofive  fublimaie,   diiliHed  wich  white 

arfenic,  afcends  unchanged,  v.h..:cver  propor- 

liong  be  employed,     Mr  Pot  bng  fince  obfer- 

T  4  vei^ 
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ved,  that,  in  this  cafe,  no  butter  of  arfenic  an* 
fcs;  and,  certainly,  no  fuch  can  arife,  as  the 
calx  of  arfenic  attra£ls  the  marine  acid  vhh 
lefs  force  than  the  calx  of  the  mercury  doci. 
Let  butter  of  arfenic,  mixed  with  calx  of  mer- 
cury, be  expofed  to  diflillation ;  at  firfk,  befine 
the  whole  can  be  decompofed,  a  little  of  the 
butter  is  elevated,  but  foon  after*  a  corrofife 
fublimate  rifes,  and,  finally,  a  white  arfenic. 

(d)  Fixed  alkali,  with  white  arfenic,  mdtt 
in  the  fire  almoft  in  the  fame  way  as  nitre,  only 
the  phlogifton  flies  oflf  more  flowly.  Cauftk 
vegetable  alkali,  ignited  in  a  clofe  vefiel,  fixes 
about  double  its  quantity  of  white  arfenic ;  but 
the  mineral  alkali  fixfes  nearly  triple.  Cauftic 
volatile  alkali,  drawn  from  white  arfenic  to  dry- 
nefs  two  or  three  times  repeatedly,  becomes  ai 
length  fo  clofely  united  to  it,  that  the  mafs  bears 
fufion  by  means  of  fire. 

Terra  pondcrofa,  and  calcareous  earth,  fpoil* 
ed  of  the  aerial  acid  by  roafting,  retain,  on  ig- 
nition in  clofe  veiTels,  about  an  equal  quantity 
of  arfenic  j  but  magiiefia,  pure  clay,  and  filice* 
ous  earth,  fcarcely  any, 

(e)  Sulphur  eafiiy  unites  with  white  arfenic, 
reduces  and  mineralizes  it ;  hence  this  com- 
pound always  diifufes  a  mod  penetrating  odour 
of  volatile  vitriolic  acid ;  far  a  portion  of  the 
fulphur  yields  to  the  calx  of  the  arfenic  a  great 

quantity 
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ipiantily  of  phlogifton*  See  alfo  §  viii.  iz. 
andx. 

Saline  hepar  alfo  diflblves  white  arfenic,  but 
more  readily  atucks  the  regulus. 

Equal  quantities  of  fulphur^  crude  arfenic, 
and  white  arfenic»  unite^  by  fufion,  in  a  clofe 
Teflely  and  generate  the  h^is  de  tribtu^  which  is 
uSSo  called  pyrmifon  or  arfenical  magnet ;  this 
ia  red,  and  fometimes  tranfparent. 

5  vn.     Properties  of  Calcined  Arfenic  mixed  by 
Solution  with  other  Subjiances. 

(a)  80  parts  of  diftilled  water,  in  an  heat  of 
15^9  diflblve  one  of  white  arfenic,  and,  when 
boiling,  15  parts  of  water  are  fufficient.  But 
the  arfenic,  when  once  diflblved,  is  more  eafily 
retained  than  taken  up  ;  fo  that,  in  a  moderate 
heat,  15  parts  can  hold  one  fufpended  a  long 
time :  llie  fame  is  true  of  the  other  foiutions. 
Solution  of  arfenic  changes  the  deep  tindure 
of  turnfole  to  a  red  colour,  but,  like  other  me- 
tallic foiutions,  makes  fyrup  of  violets  green ; 
it  is  not  changed  by  neutral  falts,  but  is  preci- 
pitated by  moft  metallic  falts,  and  that  in  fuch 
a  way,  that  the  metallic  calxes,  united  with  the 
arfenic,  fell  (though  flowly)  to  the  bottom. 

It  may  be  aflced,  whether  the  whole  of  the 
arfenic,  or  only  the  arfenical  acid,  unites  with 
the  metallic  calx,  yielding  the  phlogifton  to  the 
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blimes,  and  is  fparingly  foluble  in  boiling  w 
ter  (§  IX*  D.)«    This  folution  is  of  a  fine  yd* 
low,  and  fcarcely  differs  from  butter  of  arfenic, 
except  in  its  diegree  of  concentration.    Tk 
very  nature  of  marine  acid  prevents  the  add  of 
arfenic  from  being  difengaged  by  its  meani; 
which  yet  is  eafily  made  to  appear,  if  to  a  folu- 
tion of  white  arfenic,  in  boiling  marine  add, 
be  added  double  the  weight  of  nitrous  add; 
the  liquor  being  then  evaporated  to  drynefs,  the 
arfenical  acid  will  remain,  which,  in  order  to 
free  it  from  any  foreign  acid,  fliould  be  uiged 
by  fire  until  it  begins  to  be  ignited.    By  this 
method  loo  parts  of  white  arfenic  yield  about 
80  of  dry  acid.    In  this  operation,  the  nitrous 
acid  a£ls  more  readily  upon  the  phlogifton  of 
the  white  arfenic  than  when  it  is  poured  on  the 
powdered  arfenic ;  as,  in  the  former  cafe,  the 
folution  eife£ts  a  more  perfefl  divifion  of  the 
arfenic.     Hence  it  alfo  appears  why  white  arfe* 
nic  is  diflfolved  in  greater  quantity,  and  with- 
out  any  fubfequent  cryftallization,  by  aqua  rc- 
gia  than  by  any  other  acid. 

The  phlogiilicated  alkali  precipitates  metali 
diffolved  in  acids,  yet  leaves  arfenic  nearly  un- 
touched,  both  in  vitriolic  and  nitrous  acids,  and 
in  aqua  regia ;  which  happens  either  from  the 
fmall  quantity  oF  tbe  matter  diifoived,  or  from 
its  nature  beinr  changed.  From  the  marine  a- 
cid  it  feparates  arfenic,  of  a  white  colour :    In 
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tlus  cafe  error  is  carefully  to  be  avoided ;  for 
the  folution  may  be  precipitated  by  water  a- 
lone,  unlefs  |he  quantity  of  marine  acid  be 
large ;  befides,  the  difengaged  alkali,  -which  is 
frequently  found  in  this  lixivium,  muft  be  fatu- 
rated  by  the  acid. 

Marine  acid  is  dephlogifticated  by  degef- 
don  with  manganefe,  and  is  refolved  into  a  red 
vapour,  which  in  a  clofe  veflel  fpoils  a  certain 
quantity  of  white  arfenic,  diiTolved  in  water, 
of  its  inflammable  principle,  fo  that  the  veflel 
is  found  to  contain  feparately  water,  acid  of  ar- 
Tenic,  and  marine  acid  regenerated  ;  the  firft  of 
thefe  may  be  obtained  alone  by  evaporation  to 
drytfefs. 

The  power  of  the  other  acids  upon  arfenic 
has  not  yet  been  fufficiently  examined.  The  a* 
dds  of  arfenic  and  of  flour  diflblve  it,  and  form' 
cryftaline  grains  ;  and  that  fedative  fait  has  the 
lame  effect,  i  hardly  entertain  a  doubt ;  al« 
though  it  muft  be  confefled  that  borax,  which 
is  faturated  with  that  acid,  does  not  precipitate 
arfenic  diflblved  in  water.  The  acid  of  fugar 
eafily  takes  up  white  arfenic,  and  yields  prilma- 
dc  cryftals ;  the  fame  is  nearly  true  of  the  acid 
of  tartar.  Vinegar,  and  the  acids  of  ant<»,  and 
of  phofphorus,  alfo  attack  it,  and  yield  cr}'ftaK 
line  grains,  which  are  fcarcely  loluble  in  wa- 
ter, nor  have  they  yet  been  found  to  contrad 
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blimes,  and  is  fparingly  foluble  in  boiling  \n<* 
ter  (§  IX.  D.).  This  folution  is  of  a  fine  yd- 
low,  and  fcarcely  differs  from  butter  of  arfenic, 
except  in  its  degree  of  concentration.  The 
very  nature  of  marine  acid  prevents  the  add  of 
arfenic  from  being  difengaged  by  its  meaoi; 
which  yet  is  eafily  made  to  appear,  if  to  a  folu- 
tion of  white  arfenic,  in  boiling  marine  add, 
be  added  double  the  weight  of  nitrous  add; 
the  liquor  being  then  evaporated  to  drynefs,  the 
arfenical  acid  will  remain,  which,  in  order  to 
free  it  from  any  foreign  acid,  fliould  be  urged 
by  fire  until  it  begins  to  be  ignited.  By  this 
method  loo  parts  of  white  arfenic  yield  about 
80  of  dry  acid.  In  this  operation,  the  nitrous 
acid  a£ls  more  readily  upon  the  phlogifton  of 
the  white  arfenic  than  when  it  is  poured  on  the 
powdered  arfenic ;  as,  in  the  former  cafe,  the 
folution  eife£ts  a  more  perfefl  divifion  of  the 
arfenic.  Hence  it  alfo  appears  why  white  arfe* 
nic  is  diflfolved  in  greater  quantity,  and  with- 
out any  fubfequent  cryflallization,  by  aqua  re* 
gia  than  by  any  other  acid. 

The  phlogiilicated  alkali  precipitates  metals 
diffolved  in  acids,  yet  leaves  arfenic  nearly  un- 
touched,  both  in  vitriolic  and  nitrous  acids,  and 
in  aqua  regia ;  which  happens  either  from  the 
fmall  quantity  of  the  matter  diffolved,  or  from 
its  nature  being  changed.  From  the  marine  a- 
cid  it  feparates  arfenic,  of  a  white  colour :    In 

this 
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tlus  cafe  error  is  carefully  to  be  avoided ;  for 
the  folution  may  be  precipitated  by  water  a- 
lone,  unlefs  the  quantity  of  marine  acid  be 
large ;  befides,  the  difengaged  alkali,  -which  is 
frequently  found  in  this  lixivium,  muft  be  fatu- 
rated  by  the  acid. 

Marine  acid  is  dephlogifticated  by  degef- 
tion  with  manganefe,  and  is  refolved  into  a  red 
▼apour,  which  in  a  clofe  veflel  fpoils  a  certain 
quantity  of  white  arfenic,  diflfolved  in  water, 
of  its  inflammable  principle,  fo  that  the  veflel 
is  found  to  contain  feparately  water,  acid  of  ar- 
fenic,  and  marine  acid  regenerated  ;  the  firft  of 
thefe  may  be  obtained  alone  by  evaporation  to 
drytfefs. 

The  power  of  the  other  acids  upon  arfenic 
has  not  yet  been  fufficiently  examined.  The  a- 
dds  of  arfenic  and  of  flour  diflblve  it,  and  form' 
cryftaline  grains  ;  and  that  fedative  fait  has  the 
fame  effe6t,  i  hardly  entertain  a  doubt ;  aU 
though  it  muft  be  confefled  that  borax,  which 
is  faturated  with  that  acid,  does  not  precipitate 
arfenic  diflblved  in  water.  The  acid  of  fugar 
eafily  takes  up  white  arfenic,  and  yields  priima* 
tic  cryftals ;  the  fame  is  nearly  true  of  the  acid 
of  tartar.  Vinegar,  and  the  acids  of  antf^,  and 
of  phofphorus,  alfo  attack  it,  and  yield  cryftaK 
line  grains,  which  are  fcarceiy  loluble  in  wa- 
ter, nor  have  they  yet  been  found  to  contrad 

any 
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any  union  with  that  fluid  in  the  way  of  ddiqne* 
fcence. 

From  what  has  been  faid^  it  aflpears  plainly, 
that  folutions  of  arfenic,  made  in  acids,  in  cer« 
tain  cafes,  depart  from  their  ufual  nature;  vhidi 
we  have  already  fhewn  to  be  owing  to  the  ad« 
herence  of  the  phlogifton  being  fo  ioofe,  diat 
the  acid  of  arfenic  is  readily  fet  at  liberty. 

(d)  The  fixed  alkalis  diflblved  in  water  take 
up  white  arfenic  ;  and  if  by  means  of  heat  thej 
be  loaded  with  it,  a  brown  tenacious  mafs  n 
produced,  which  acquires  folidity,  is  of  a  dS^  * 
agreeable  fmell,  and  is  called  hepar  arfenid. 
The  arfenic  is  partly  precipitated  by  mineral  a« 
cids,  though  a  portion  of  it  gradually  lofes  iu 
phlogifton,  and  adheres  more  tenacioufly. 

A  folution  made  with  volatile  alkali  feemi 
to  eflfed  this  decompofition  more  readily,  as  no 
precipitation  is  occafioned  in  it  by  acids. 

(eJ  a  limpid  folution  of  faline  hepar,  droi>^ 
ped  gently  into  a   folution  of  white  arfenic ^ 
floats,  forming  upon  the  furface  a  gray  ftraturft  9 
which  at  length  difturbs  the  whole  of  the  lx« 
quor. 

(f)  White  arfenic,  difTolved  in  water  by  th« 
affiftance  of  heat,  attacks  fome  metals,  pardcu* 
larly  copper,  iron,  and  zinc,  nay  the  two  laft 
folutions,  yield  cryftals  by  evaporation.  Thefe 
compounds  are  not  vifibly  changed,  either  by 
^id  or  alkaline  fubftances.   Volatile  alkali  does 

not 
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■ot  dUonrer  the  copper  by  a  blue  colour^  nor 
in  the  martial  folution  does  phlogifticated  alka- 
li ocoafion  any  blue  fediment.  The  caufe  of 
thefe  pbaenomena  ig  to  be  fought  for  in  the  fu-» 
perabundance  of  phlogilton ;  For  the  add  of 
arfenic  takes  up  all  metals  ;  united  with  copper 
it  is  diflblved  by  the  volatile  alkali,  with  a  blue 
colour*  and  joined  with  iron  it  exhibits  Pruf- 
jian  blue  in  the  ufual  way :  The  phlogifton 
^hich  coagulates  the  acid  into  white  arfenic, 
is  the  fubftance  which,  in  thefe  mixtures,  gon* 
#itutes  the  only  material  difference. 

S  viii.     Mineratized  Arfenic. 

We  have  already  obferved  that  arfenic,  both 
Si^guline  and  calcined,  may  be  united  with  fuU 
pfaur  (§  I  I.  VI.).  Nature  fpontaneoufly  pro- 
duces thefe  mineralizations  yellow  or  red,  fome- 
times  pellucid  and  cr){t;Jline;  the  yellow  feem 
to  affed  a  lamellated  form,  the  red  a  prifmatic. 

In  the  roafted  heaps  of  arfcnical  ores,  there 
frequently  are  found  beautiful  cryflals,  partly 
tetraedral,  partly  odaedral,  fome  of  which  are 
hollow  pyramids  trigonal  or  tetragonal,  each 
triangle  being  compofed  of  filaments  refpe£tive« 
ly  parallel  to  the  fides.  Thus  an  hollow  trigo- 
nal  pyramid,  frequently  filled  up  with  Icfler  py- 
ramids continually  decreafing  in  fize,  forms  a 
tetraedrum  j  but  8  tetraedra,  properly  difpofed, 

form 
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this  cafe  error  is  carefully  to  be  avoided ;  for 
the  folution  may  be  precipitated  by  water  a- 
lone,  unlefs  |he  quantity  of  marine  acid  be 
large ;  befides,  the  difengaged  alkali,  which  is 
frequently  found  in  this  lixivium,  muft  be  fatu* 
rated  by  the  acid. 

Ifarine  acid  is  dephlogifticated  by  degef- 
tion  with  manganefe,  and  is  refolved  into  a  red 
¥apour,  which  in  a  dofe  veflel  fpoils  a  certain 
quantity  of  white  arfenic,  diflblved  in  water, 
of  its  inflammable  principle,  fo  that  the  veflel 
is  found  to  contain  feparately  water,  add  of  ar- 
fenic,  and  marine  add  regenerated  ;  the  firft  of 
thefe  may  be  obtained  alone  by  evaporation  to 
drytfeis* 

The  power  of  the  other  acids  upon  arfenic 
has  not  yet  been  fuffidently  examined.  The  a« 
cids  of  arfenic  and  of  flour  diflblve  it,  and  form' 
cryftaline  grains  ;  and  that  fedative  fait  has  the 
bmc  effed,  i  hardly  entertain  a  doubt ;  al« 
though  it  muft  be  confefled  that  borax,  which 
is  faturated  with  that  acid,  does  not  precipitate 
arfenic  diflblved  in  water.  The  acid  of  fugar 
cafily  takes  up  white  arfenic,  and  yields  prifma- 
tic  cryftals ;  the  fame  is  nearly  true  of  the  acid 
of  tartar.  Vinegar,  and  the  acids  of  ant«,  and 
of  phofphorus,  alfo  attack  it,  and  yield  cryftaU 
line  grains,  which  are  fcarcely  loluble  in  wa- 
ter, nor  have  they  yet  been  found  to  comrad 
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cipitated.  The  genefis  of  the  butter  has  bectt 
already  explained  (§  in.  d.  ;  vi.  c.) ;  it  is  ycry 
remarkable  that  it  unites  with  marine  acid  fo 
flowly,  that  they  feem  to  repel  one  another,  nor 
can  they  be  made  to  unite  beyond  a  certain  de- 
gree. Diftilled  water  added  to  the  butter  pre* 
cipitates  a  white  powder,  which,  though  c?er 
fo  well  wafhed,  retains  fomewhat  of  acidity;  fcr 
a  portion  of  butter  of  arfenic  is  yielded  on  di- 
ftillation ;  a  circumftance  which  is  alfo  true  rf 
Algarotti's  powder.  The  fmoke  affeds  the.  off* 
gan  of  fmell  with  a  peculiar  penetrating  odour, 
fomewhat  refembKng  that  of  phlogifticated  ▼!• 
triolic  acid,  and  depofics  white  flowers. 

The  fupernatant  liquor,  which  authors  com- 
pare to  oil,  is  yellowifh  and  pellucid  ;  with  m« 
ter,  and  fpirit  of  wine,,  it  quickly  feparates  a 
white  arfenical  powder ;  is  not  difturbed  by  the 
ftronger  acids ;  with  alkalis  it  effervefces,  and 
k  precipitated.  If  it  be  kept  in  a  cucurbit  widi 
a  long  neck,  and  unftopped,  white  flowers  gn- 
dually  concrete  round  the  orifice;  thefe  are  lax, 
and  fometimes  approachmg  to  a  cryftalline  fbrau 
Finally,  by  fpontaneous  evaporation,  pelladl 
cryftals  appear  at  the  bottom  of  the  liquofi 
which  are  very  difficultly  foluble  in  boiling  vi» 
f^r,  but,  when  diflblved,  precipitate  filver  frott 
nitrous  acid,  and,  on  the  addition  of  an  alkaHt 
tet  fall  fbme  arfenic.  In  lime-wateR,  a  whittr 
cloud  ilowly  furrounds  them ;  expofed  to  the 
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fire,  they  neither  decrepitate  nor  lofe  their  tran& 
parency,  but  totally  fublime  "(vithout  any  arfe« 
nical  fmell,  which  yet  immediately  appears,  if 
ignited  phlogifton  comes  into  contad  with  them. 
No  traces  of  mercury  appear  in  this  liquor,  ei- 
ther by  alkali  or  copper;  undoubtedly,  if  any 
fublimate  was'prefent,  it  would  remain  in  the 
water  after  the  precipitation  of  the  arfenic.  Ter* 
ra  ponderofa,  difiblved  in  marine  acid,  and 
dropped  into  this  liquor,  does  not  form  even 
the  flighted  congrumation,  fo  that  there  is  nd 
▼imolk  acid  prefent. 

From  what  has  been  faid,  it  appears,  that  th^ 
fiipematant  liquor  is  no  other  than  a  very  dilute 
butter  of  arfenic,  which,  on  account  of  the  wa- 
ter, contains  lefs  arfenic.  The  butter  contains 
the  acid  in  its  highed  degree  of  concentration, 
and,  therefore,  loaded  with  a  larger  quantity  of 
arfenic ;  the  former  liquor  will  therefore  be 
more  abundantly  obtained,  if  the  mixture  of 
corrofive  fublimate  and  arfenic  be  fet  to  ftand 
'a  night  in  a  cellar,  ot  moiftened  with  water, 
before  it  is  fubjefted  to  diftillation.  As  the 
common  marine  acid  can  diflfolve  only  a  deter* 
minate  quantity  of  the  butter,  it  follows,  that 
trhat  remains  after  complete  faturation  ihould 
totally  refiife  to  xtiix.  Marine  acid  too  much 
iiluted  precipitates  the  butter  ;  but,  in  propor- 
iba  as  it  is  (tronger,  it  diflblves  a  greater  quan- 
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§  X.     Properties  of  Mineralized  Arferuc  mixed 
by  Solution  with  other  Sub^ances. 

(a)  Water  has  no  t^tOi  on  mineralized  arfe- 
nic- 

(b)  The  acids  operate  according  to  circom- 
ftanceS)  efpecially  the  nitrous  acid  and  aqua  re- 
gia;  the  former  menflruum,  if  concentrated, 
foon  deftroys  the  red  colour  of  realgar,  but  does 
not  affed  the  yellownefs  of  orpiment,  for  its 
primary  adion  is  to  calcine  the  arfenic,  whid), 
in  realgar,  muft  neceflarily  change  the  red  co- 
lour  to  a  yellow. 

Aqua  regia,  by  long  digefton,  takes  up  the 
arfenic,  but  fo  as  to  leave  the  fulphur  alone  it 
the  bottom ;  hence  we  may  difcover  the  proper* 
tion  of  fulphur  to  arfenic.  But  this  operatiim 
mufl  be  fkilfully  performed,  left,  on  the  one 
hand,  by  the  inertnefs  or  infufficient  quantity  of 
the  menftruum,  fome  part  which  fhould  beta* 
ken  away  remain  untouched ;  or,  on  the  other, 
left  that  portion  which  fhould  remain  entire  be 
diminifhed*  The  colour  of  the  refiduum  ought 
to  be  altogether  gray  ;  for,  fo  long  as  any  yel- 
low particles  remain  mixed  with  it^  feme  of  the 
arfenic  alfo  remains.  By  too  much  heat,  or 
too  long  boiling,  efpecially  if  the  nitrous  add 
be  ftrong,  more  or  lefs  of  the  fulphur  is  alfi) 
deftroyed  j  for  the  nitrous  acid  takes  away  ^  j 
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prittdple  of  inflammability  from  the  vitriolic, 
fo  as  to  fet  the  latter  at  liberty. 

If  iron  be  prefent  in  the  mineralization,  it  is 
all  diflblved,  in  virtue  of  its  fuperior  attradion, 
before  the  arfenic  is  adled  upon,  unlefs  it  be  too 
much  calciined  during  the  operation,  either  by 
beat,  by  the  accefs  of  air,  or  by  the  great  power 
of  die  menftruum. 

The  red  ore  of  filver  is  completely  decompo- 
fed  by  aqua  fortis,  which  takes  up  the  filver  and 
the  arfenic,  fo  that  the  fulphur  ^lone  remains  at 
the  bottom;  by  this  method,  100  parts  of  the 
tranfparent  cryftals  yield  about  60  of  filver,  27 
of  arfenic,  and  13  of  fulphur :  Iron  is  not  always 
j)re(ent« 

The  white  ore  of  filver,  firft  treated  with 
aqua  fortis,  lets  fall  the  filver  and  copper,  and 
then  yields  the  remainder  of  the  arfenic  to  aqua 
FCgia }  fo  that,  at  length,  the  fulphur  may  be 
obtained  pure.  The  diflblved  filver  may  be  pre- 
cipitated  by  copper. 

(c)  Cauftic  fixed  alkali,  boiled  in  water  with 
orpiment,  yields  a  foetid  hepatic  folution,  called 
by  fome  a  fympathetic  ink. 

Orpiment  boiled  in  water,  with  double  the 
weight  of  quicklime,  affords  a  liquor  which 
may  be  employed  for  proving  wines :  In  this 
cafe  the  hepar  calcis  operates.  Thcfe  folutions, 
upon  the  addition  of  acids,  depofit  both  the  fuW 
phur  and  the  arfenic. 

U  3  (p)  Oils 
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(d)  Oils  too,  afTifted  by  heat,  diflbtrebodi 
prpiment  and  realgar^ 

S  XI.     UjTes  of  Arfentc. 

Concerning  the  ufes  of  this  metallic  fubftaaoe 
we  can  only  treat  in  a  very  flight  way. 

It  can  hardly  be  doubted  but  that  it  may  be 
applied  to  valuable  purpdfes  in  medicine ;  ahd 
experiments  have  long  fince  put  that  matto*  en- 
tirely out  of  doubt ;  but,  with  refpe£t  bodi  to 
its  dofe  and  preparation,  the  utmoft  caution  is 
neceffary.  From  the  properties  difclofed  by  the 
foregoing  experiments,  it  appears  that  this  moft 
virulent  of  ail  poifons  a&s  in  the  manner  of  aa 
highly  corrofive  acid,  and  that  even  externally 
(§  v.).  Since,  then,  phlogifton  and  alkalis  arc 
the  moft  powerful  correSors  of  acid  acrimony, 
it  will  readily  occur  how  it  may  be  mitigated, 
and  its  deleterious  efieds  obviated.  Hence, 
too,  it  appears  why  realgar  is  lefs  noxious,  ^rfiy 
the  regulus  is  milder  than  white  arfenic,  and 
this  again  milder  than  the  dry  acid  ;  and  wfay 
the  baths  of  Carfbbad,  which  contain  a  mineral 
alkali  only,  united  with  aerial  acid,  are  extreme- 
ly ufeful  in  difeafes  occafioned  by  arfenic ;  why 
arfenic  taken  internally,  without  the  neceffiiry 
^orreflion,  occafions,  by  its  irritating  quality, 
convulfive  motions,  among  other  fymptoms, 
both  in  the  ftomach  and  other  parts  of  the  bo- 
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dy.  To  pafs  over  other  matters,  which,  from 
tiie  chemical  analyfis  of  arfenic,  might  be  ufe- 
iul  in  the  pradice  of  medicine,  this  only  I  add, 
that  of  all  the  metals  arfenic  mod  eafily  lofes  its 
phlogifton  (§  11.);  therefore  we  fhould  be  cau- 
tioos  in  confiding  to  phlogiftic  corredors,  as 
the  phlogifton  may  be  feparated  in  the  vifcera 
by  many  different  ways.  The  inftance  of  a 
man  poifoned  by  arfenic,  who  was  differed  in 
Ae  anatomical  theatre  at  Upfal/  (hewed  that 
the  penetrating  garlic  fmell  may  be  excited 
fimply  by  a  tendency  to  the  putrefactive  fer* 
mentation. 

The  pfilothrum  turcicum  contains  orpiment, 
among  other  fubftances  ;  but  its  depilatory 
power  is  perhaps  more  properly  afcribed  to  the 
Oiuftic  alkali. 

Philofophers  are  wont  to  evince  the  extraor- 
dinary porofity  of  bodies,  and  the  wonderful 
fubtilty  of  vapours,  by  the  fympathetic  ink 
(5  *•€•)>  for  writing  made  with  vinegar  of 
litharge,  by  itfelf  invifible,  expofed  to  the  va- 
pour of  this  liquor,  becomes  in  a  few  minutes 
of  a  brown  colour,  even  though  a  great  many 
folds  of  paper  be  interpofed. 

Wines  naturally  acid,  or  grown  fo  by  age, 
ftill  continue  to  be  edulcorated  by  lead,  not* 
withftanding  the  puni(hments  attending  the  de- 
te£tion  of  this  fraud.  It  is  therefore  of  great 
confequence  to  be  in  poffeffion  of  an  cafy  me- 
U  4  thod 
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thod  of  difcovering  fuch  a  fophifticatiofl.  Rr 
this  purpofc  the  probatory  liquor  (§  x.  c)  b 
commonly  employed ;  for  this,  when  dropped 
into  pure  wine,  occafions  nothing  but  a  yellow 
precipitate,  but,  when  the  wine  is  adulterated, 
a  brown  or  black.  This  may  alfo  be  done  by 
a  faline  hepar ;  but  fraud  and  avarice  have  coa* 
trived  methods  of  eluding  this  proof,  unleb 
chemiftry  lend  its  af&ftance;  for,  if  a  fmall 
quantity  of  chalk  be  contained  in  the  wine,  the 
faline  hepar  fails ;  for  the  white  calcareoiif 
earth  falling,  diminifhes  the  blacknefs*  A  large 
proportion  of  tartar  renders  the  probatory  liquor 
ineffedive,  as  the  tartareous  acid  forms  vridi 
the  lime  a  white  fait  very  diiScult  of  foIutioE. 

Arfenic  fometimes  enters  metallic  compofi* 
tions,  efpedally  copper  and  tin ;  but  it  is  modi 
to  ht  wiflied  that  fuch  compofitions  were  ba* 
nifhed,  at  leaft  from  the  kitchen.  Shot  made 
of  lead  is  fometimes  hardened  by  orpiment. 

Regulus  of  arfenic  enters  into  the  compofi* 
tion  of  Meuder's  phofphorus.  The  power  of 
the  calx  in  vitrification  was  long  fmce  known 
to  Geber,  and,  therefore,  it  is  frequently  em- 
ployed in  glafshoufes,  either  for  facilitating  fii- 
fion,  for  acquiring  a  certain  degree  of  opacity, 
or,  finally,  for  carrying  off  phlogifton.  The 
method  in  which  mountain  cryftals,  placed  over 
orpiment^  white  arfenic,  crude  antimony,  and 
fal  ammoniac,  mixed  in  a  crucible,  are  tinged 
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by  means  of  heat,  is  defcribed  by  Neri ;  and, 
upon  trial,  this  is  found  to  be  true :  I  have  thus 
obtained  tbefe  cryftals  beautifully  marked  with 
red,  yellow,  and  opal  fpots,  but  at  the  fame 
time  cracked,  which  could  fcarcely  be  avoided. 
In  painting,  too,  the  artifts  fometimes  em- 
ploy arfenic.  Painters  in  oil  frequently  ufe 
both  orpiment  and  realgar ;  and  it  is  probable 
that  wood,  covered  with  a  pigment  mixed  with 
white  arfenic,  would  not  be  liable  to  be  fpoiled 
by  worms.  A  moft  beautiful  green  pigment 
may  be  precipitated  from  blue  vitriol,  by  means 
of  white  arfenic  diflblved  in  water,  together  with 
vegetable  alkaU  ;  this,  prepared  either  with 
water  or  oil,  aflfords  a  colour  which  fuffers  no 
(hange  in  many  years.  The  playthii\gs  of 
cl^ldren^  however,  fhould  not  be  painted  with 
this,  or  any  other  preparation  of  arfenic,  on 
account  of  their  cuftom  of  putting  every  thing 
Into  their  mouths* 
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S  I.     Hi/lorical  Introduflion. 

TH  E  femi-metal,  which  at  prerent  is  called 
Zinc,  was  not  known  fo  much  as  by 
name  to  the  ancient  Greeks  and  Arabians.  The 
name  which  it  bears  at  prefent  firft  occurs  in 
Theophraftus  Paracelfus  {ci) ;  but  no  one  as 
yet  has  been  able  to  difcover  the  origin  of  this 
appellation.  A.  G.  Agricola  calls  it  contre- 
feyn  (b) ;  Boyle,  fpeltrum  {c) :  By  others  it  is 
denominated  fpeauter,  and  Indian  tin  frf).  Al- 
bertus  Magnus,  more  properly  called  Bolftadt, 
who  died  in  1280  {e\  is  the  firfl  who  makes 

exprefe 

{a)  In  operibus,  paffim.  [h)  Dc  re  mctalllca. 

{c)  Ponderab.  fiammac.  [d)  Focda  trifids^  ch):« 

tnica.  {e)  In  llbro  mineraUum* 
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exprds  mention  of  this  femi^metaL  He  calls 
it  golden  marcafite,  aflerts  that  it  24>proa€he8  to 
a  metallic  natiire,  and  relates  that  it  is  inflam- 
mable. However,  as  zinc  is  white,  the  name 
of  golden  marcafite  is  not  very  proper ;  it  would 
dierefore  appear  probable,  that  it  derives  that 
name  from  the  golden  colour  which  it  commu- 
nicates to  copper,  had  not  Albertus  ezprefsly 
iaid,  that  copper  united  with  golden  marcafite 
becomes  white ;  but  he  has  probably  either 
mifunderftood  or  mifreprefented  what  he  had 
heard  related  by  others.  It  may  alfo  happen 
that  zinc  was  formerly  thought  to  contain  gold* 
J.  Matthefius,  in  1562,  mentioned  a  white  and 
a  red  zinc  (/) ;  but  the  yellownefs  and  rednefs 
are  only  to  be  underftood  of  the  ores.  Hoi- 
landus,  Bafil  Valentine,  Aldrovandus,  Caefius, 
Caefalpinus,  Fallopius,  and  Schroeder,  obferve 
a  profound  (ilence  on  that  head  (g). 

The  eaftem  Indians  having  long  fince  been 
in  pofleffion  of  the  method  of  extra^ing  pure 
zinc  from  the  ore,  at  lead  in  the  courfe  of  the 
laft  century,  this  metal  was  brought  from 
thence  to  Europe.  Jungiuls  mentions  the  im- 
portation of  zinc  from  India  in  1647  (^)*  A 
metal  of  this  kind,  under  the  name  of  tutenag, 
is  ftill  brought  from  thence,  which  mufl:  be  . 

carefully 

(/)  Sarcpta.  (^)  Poll  on  Zinc. 

{o)  Dc  mincralibus. 
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car^Uy  diftinguiflied  from  the  compound  me« 
tal  of  that  name.  G.  £.  Van  Lobneifs  tells  us, 
in  1 617,  that,  a  long  time  before,  zinc  had  been 
colleded  by  fufion  at  Goflar  (i).  It  has  been 
long  ufual  to  form  oricbalum  from  the  ores  of 
zinc  by  the  addition  of  copper ;  but  it  does  not 
yet  appear  at  what  time  this  art  was  invented. 
Pliny  makes  mention  of  the  orichalum,  as  alfo 
of  three  fpecies  of  Corinthian  vafes,  one  of 
which  is  yellow,  and  of  the  nature  of  gold  (k). 
Erafmus  Ebner  of  Norimberg,  in  the  year  1550, 
was  the  firft  who  ufed  the  cadmia  of  Goflar  for 
this  purpofe. 

In  the  year  1721,  Henckel  indeed  mention* 
ed  that  zinc  might  be  obtained  from  lapis >ca- 
laminaris^  by  means  of  phlogifton,  but  he  con- 
ceals the  method  (/)•  The  celebrated  Anton. 
Van  Swab,  in  1742,  extraded  it  from  the  ores 
by  diftillation,  at  Weflterwick  in  Dalecarlia  (m). 
It  was  determined  to  found  a  work  for  the  pur- 
pofe  of  extra£ling  larger  quantities  of  this  femi- 
metal ;  but  afterwards,  for  various  reafons,  this 
projeft  was  laid  afide ;  therefore  the  illuftrious 
Margraaf,  not  knowing  what  had  been  done 
by  the  Swedifli  mineralogifts,  in  the  year  1746, 

publiihed 

(#)  Bcrlcht  von  Bcrgverckcn.  (i)  Hift.  Nat. 

XXX  c.  2.  (/)  Pyritologia.  (m)  Elogiom 

magni  hiijas  ipetallurgi  coram  R.  Acad.  Stock,  rcpi* 
return. 
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publiflied  a  method  of  performing  this  opera- 
tion,  which  he  had  difcovered  himfelf  (n). 

It  is  not  known  how  zinc  is  extraded  in 
China.  A  certain  Englifhman,  who  feveral 
years  ago  took  a  voyage  to  that  country  for 
the  purpofe  of  learning  the  art,  returned  fafely 
home,  indeed,  and  appears  to  have  been  fufE' 
ciently  inftruded  in  the  fecret,  but  he  carefully 
concealed  it.  We  find  afterwards  that  a  ma- 
nufa&ory  had  been  eftablifhed  at  Briftol,  where 
zinc  is  laid  to  be  obtained  by  diflillation  per 
defcenfum.  We  have  already  leen  that  it  had 
been  before  obtained  in  Sweden  by  diflillation 
per  afcenfum,  which  afterwards  was  effeded  in 
larger  quantity,  by  MctL  Cronfledt  and  Rin« 
man,  two  very  celebrated  mineralogifts  and  me- 
tallurgifb. 

The  difficulties  occafioned  by  the  volatile  and 
combuflible  nature  of  this  metal,  for  a  long 
time  retarded  the  knowledge  of  the  ores  con- 
taining it ;  nor  is  that  wonderful,  as,  being  of 
a  metallic  form,  it  has,  even  to  our  times,  been 
confidered  as  compofed  of  two  or  three  ingre- 
dients.  Albertus  Magnus  thinks  iron  an  in^ 
gredient ;  Paracelfus  called  it  a  fpurious  fon  of 
copper  I  Lemery  holds  it  to  be  a  fpecies  of  bif- 
muth ;  Glauber,  and  many  alchemifls,  confider 
it  merely  as  an  immature  folar  fulphur }  Hom- 

berg, 

(«)  Mem:  de  I'Acad.  de  Berluu 
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berg,  as  amizture  of  tin  and  iron;  Knnckdyas 
a  coagulated  mercury ;  Schiuter,  as  tin  made 
brittle  by  fulphur,  &c. 

The  ore,  which  refembles  true  galena,  is  cal- 
led pfeudo  galena ;  and  is  for  that  reafon,  per- 
haps, by  the  inhabitants,  called  blende,  as  in 
texture  and  fplendour  it  refembles  the  blends, 
though  it  contains  no  lilver.  The  celebrated 
Brandt,  in  1735,  (hewed,  that  this  contained 
zinc  (d)  ;  and  foon  after  D.  Swab  adualty  ex- 
tradled  it  from  the  Bolognian  pfeudo  galena, 
which  poffeffes  a  metallic  fplendour.  The  Ba- 
ron Funch,  in  1744,  determined  the  prefence 
of  zinc  in  pfeudo  galena  from  the  flame  and 
the  flowers  (/) ;  and  in  1746  Mr  Margraaf  fct 
the  matter  out  of  doubt. 

Zinc  cannot  be  united  with  fulphur  alone, 
yet  is  found  joined  with  it  in  the  pfeudo  ga- 
lena ;  and  this  conjunftion  Mr  Cronfl:edt  (q) 
thinks  is  efFefted  by  means  of  iron  j  but  Mr 
Sage  (r)  fuppofes,  that,  in  this  inftance,  an  ear- 
thy hepar  is  formed  by  means  of  lime. 

Julius,  in  the  year  1570,  undertook,  at  Ram- 
tnelfberg,  the  preparation  of  a  certain  lalt, 
which  he  called  Ertz-alaun,  but  which  we  now 
meet  with  under  the  name  of  Galli|5enftciii. 

No 

(0)  Adl.  Upfal.  (f)  Aa.  Stockhdlm. 

(q)  Cronftedt  Miaeralog.  (r)  Mem.  dc  i'Aczd. 

de  Paris,  1771. 
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No  one,  before  1735,  knew  the  true  compofi* 
tion  of  this  £sik ;  but,  about  that  time,  D.  Brandt 
publilbed  two  obfenrations  explaining  its  na- 
ture; for  he  found  that  this  fait  calcined,  and 
dien  treated  with  charcoal-duft  and  cc^per^ 
formed  brafs  ;  and  alfo  that  zinc,  diredly  dif- 
fblved  in  vitriolic  acid,  formed  a  fait  of  the  fame 
nature  as  gallizenftein.  In  the  fame  year  Mr 
Hdlot  communicated  the  latter  of  thefe  expe* 
riment3,  made  by  himfelf,  to  the  Royal  Acade^* 
mj  at  Paris,  proving  that  white  vitriol  is  a  mid* 
die  ialt  compofed  of  zinc  and  vitriolic  acid. 

Mr  Sage  has  lately  attempted  the  analyfis  of 
bpis  calaminaris,  in  which  he  aflerts  that  zino 
is  mineralized  by  marine  acid,  llie  fame  au* 
dior  contends,  that  zinc  is  found  in  manganefe 
(/)f  and  Dr  Bay  en  relates,  that  he  difcovered 
it  in  the  white  ores  of  iron  (/)  :  But  they  have 
both  miftaken  manganefe  for  zinc  {u)» 

§  II.     Zinc  is  prefented  to  us  by  Nature  under  a 
Variety  of  Forms. 

It  is  not  yet  certain  whether  zinc  be  ever 
found  native,  unlefs  we  fuppofe  the  gray,  flex« 
ible,  metallic,  inflammable  filaments,  furround<«i 

ed 


(/)  Mem.  dc  TAcad.  dc  Paris,  1770.  (/)  Jour- 

aad  dc  Phyfiquc,  par  Mr  Rozier,  1776.  («}  See 

Ae  Trcatifc  on  the  White  Ores  ot  Iron. 
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ed  by  yellow  ochre,  which  Mr  de  Bomare  ob» 
ferved  in  the  neighbourhood  of  Limburg  and 
RammeUberg,  to  be  produced  folely  by  the 
hands  of  nature  (x).  In  order  to  difcover  their 
true  origin,  they  mud  be  attentively  confidered^ 
and  their  nature  folicitoully  inveftigated  in  the 
matrixes.  In  the  mean  time,  it  will  be  proper 
briefly  to  defcribe  the  habitudes  of  perfeA  zinc^ 
when  expofed  to  flame  upon  charcoal.  .Thii 
femi-metal  fcarcely  melts  alone  by  the  blow* 
pipe,  as  its  whole  furface  is  quickly  covered 
with  a  calcined  cruft ;  but  the  internal  mafii 
fufed  and  expofed  to  ftrong  heat,  now  and  then 
explodes  with  a  beautiful  greenifh  blue  flame, 
and  difperfes  a  white  calx. 

A  fmall  piece  of  zinc  is  taken  up  with  effer* 
vefcence  by  microcofmic  fait  in  fufion;  at  the 
fame  time  it  fends  forth  many  flafhes,  with  a 
crackling  noife;  but,  if  the  heat  be  too  great^ 
it  explodes,  fcattering  about  ignited  particles. 

Borax  takes  up  zinc  with  a  degree  of  effer^ 
vefcence,  and  the  fufed  regulus  at  firft  tingei 
the  flame.  If  the  blafl:  be  intermitted,  it  fends 
forth  a  flafli,  and  afterwards  it  is  difficult  to  re* 
produce  the  phaenomena;  but  the  regulus  is 
gradually  diminifhed,  and  the  mafs  of  borax 
fpreads  upon  the  charcoal  without  any  explo- 
iion. 

The 

(x)  Dc  Bon^are,  Mineralogic. 
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The  mineral  alkali,  expofed  to  heat  with 
zinc,  in  a  filver  fpoon,  corrodes  it,  but  with- 
out any  tinged  flame,  or  any  explofion  (y). 
•  The  ores  containing  zinc  diflfer  much  in  ap- 
pearance and  properties ;  but  fo  long  as  the 
uncertainty  of  the  exiftence  of  native  zinc  re- 
mains, they  may,  agreeably  to  their  nature,  be 
divided  into  two  clafTes,  fome  containing  the 
femi-metal  (imply  deprived  of  phlogifton,  the 
others  holding  it  mineralized,  either  by  fome 
acids,  or  united  to  fulphur  by  the  means  of 
iron* 

Calcined  Zint. 

(a)  Pure  zinc,  calcined  in  difcrete  particles, 
if  extremely  rare»  To  this  we  may  refer  the 
zinc  brought  from  China  by  Grill,  and  de- 
fcribed  by  Von  Engeftrom  in  the  year  1775  (^)* 

That  the  comparifon  with  native  zinc  may 
be  more  eafily  made,  it  will  be  neceiTary  to 
defcribe  briefly  the  habitudes  of  flowers  of 
:dnc,  as  examined  by  the  blow-pipe.  Thefe 
flowers,  expofed  alone  to  the  flame  on  charcoal, 
put  on  a  phofphoric  fplendour,  which  vaniflies 

Vol.  Iir  X  when 

(/)  .The  Chineie  zinc,  upon  examination,  yields 
icarcely  half  a  pound  of  lead  in  ah  hundred.  The 
rtnc  of  Goflar  contains  fomewhat  more ;  but  neither 
tbe  one  nor  the  other  yields  the  (mallcft  particle  of 
iron.  {z)  AA.  Stock.  1775. 
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when  the  flame  intermits.     They  alfo  remain 
fixed  and  refraftory. 

With  microcofmic  fait  they  are  readily  dif* 
folved  without  fpumefcence.  Upon  coolingi 
the  globule  remains  tranfparent,  if  the  zinc  a- 
mounts  to  lefs  than  double  the  bulk  of  the  fait; 
if  to  more,  the  globule  is  milky.  In  proportion 
as  it  is  more  faturated,  it  adheres  the  lefs  to  the 
charcoal. 

With  borax  the  fame  thing  happens,  but  dtt 
flowers  are  more  flowly  taken  up ;  and,  in  pro- 
portion as  the  globule  is  more  loaded,  it  ex- 
pands more  upon  the  charcoal. 

In  a  filver  fpoon,  with  mineral  alkali,  they 
fuffer  no  fcnfible  change. 

(b)  Calcined  zinc,  mixed  in  various  proper* 
tions  with  earthy  and  ferruginous  particles,. 
commonly  called  lajns  calaminaris^  is  employed 
in  the  compofition  of  brafs  :  It  is  of  a  fcrrugi- 
nous,  yellow,  or  white  colour,  and  generally 
hard ;  but  the  hardnefs  is  not  the  fame  in  all, 
nor  is  it  fufficient  to  ftrike  fire  with  fteel. 

Thefe  minerals  exhibit  with  the  blow-pipe 
the  fame  phaenomcna  as  the  preceding  vrnf 
ties,  except  thofe  which  abound  in  iron;  for 
the  fubtlle  powders  of  thefe  lafl:,  expofed  io  a 
white  heat,  are  of  a  more  obfcure  colour,  and 
lare  magnetic  (^).     The  microcofmic  fait  con* 

trafls 

{a)  The  celebrated  Rinman,  after  calcining  the  wHite 
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tnSs  with  them  the  colour  of  fmoked  glafs ; 
borax  a  yellowifh  green ;  but  in  both  cafes,  if 
too  much  ore  be  added,  an  opacity  is  produced* 
The  mineral  alkali  grow  black. 

Mineralized  Zinc. 

Zinc  aifumes  appearances  foreign  to  its  na- 
ture, in  the  hands  of  nature,  partly  by  its  union 
with  a  certain  native  acid,  partly  by  means  of 
fulphur.  Among  the  acids  which  mineralize 
2inc,  no  other  are  yet  known  but  the  aerial  and 
the  Titriolic. 

Aerated  zinc  is  found  concreted  fo  hard,  as 
femetimes  to  ftrike  fire  with  fteel ;  it  exhibits 
an  appearance  like  quartz,  upon  breaking,  and 
is,  on  the'furface,  generally  knotty,  ramous,  or 
▼arioufly  contorted  into  lamellae :  This  is  called 
glafs  of  zinc.  And  Mr  Von  Swab  obfervcd, 
during  diftillation,  that  a  matter,  exaftly  of 
the  appearance  above  defcribed,  was  produced 
through  the  fmalleft  cranny  in  the  apparatus. 

A  variety  of  this  mineral,  brought  from  Eng* 
land,  expofed  to  flame  with  the  blow  pipe,  re- 
mained without  liquefaflion,  but  cracked,  was 
X  ^  as 

lapis  calamiQaris  of  Aix  la-Chapelle  for  tlie  fpace  of 
ckren  days,  in  one  of  the  farnaccs  nfed  for  the  prepa- 
ration of  (lecl,  found  that  it  adhered  to  the  magnet  al- 
moA  in  the  fame  manner  as  filings  of  iron. 
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as  it  were  refolved  into  flowers,  and  acquired  a 
inore  dilute  colour.  The  fmell  (hews  no  traces 
of  fulphur,  nor  is  it  magnetic  either  before  or 
after  calcination.  The  microcofmic  Catlt,  vd 
alfo  borax,  difTolve  it  without  difficulty;  the 
latter  fomewhat  more  flowly.  The  mineral  al- 
kali fcarcely  takes  up  any ;  fo  that  its  habitudes 
much  refeoible  thofe  of  the  flowers/ 

Artificial  vitriform  zinc  manifeds  theOune 
properties  as  the  natural,  but  does  not  fplk, 
and  is  more  flowly  and  fparingly  diflfolved  n 
the  ufual  falts. 

(b)  To  this  clafs  alfo  muft  be  referred  die 
variety  which  is  foluble  in  water  by  means  of 
vitriolic  acid.  Mineralogies  very  properly  ^ 
numerate  this  among  the  metallic  falts ;  yet  k 
mud  not  be  pafled  over  in  a  place  where  oar 
intention  is  to  fpeak  of  all  the  minerals  which 
contain  zinc  abundantly. 

Pure  vitriol  ov  zinc,  expofed  to  the  flame, 
on  fufion,  foams  violently,  and,  finally,  leaves 
behind  a  refraftory  mafs,  which  does  not  grow 
phofphoric  like  the  flowers. 

This  vitriol,  calcined,  is  readily  taken  op 
with  effervefcence  by  the  microcofmic  fait.  If 
too  much  of  the  vitriol  be  added,  the  globule 
is  of  an  opal  colour.  The  fame  takes  phce 
with  borax.  It  unites  at  firft  with  mineral  si- 
kali  with  violent  effervefcence ;  but  afterwards 
is  very  little  afted  upon. 

NatiYe 
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Kative  vitriol  of  zinc  is  fcarce  ever  found 
pure,  but  mixed  with  copper  or  iron,  or  both ; 
fo  that  the  phaenomena  vary  in  relped  both  of 
die  quantity  and  quality  of  the  heterogeneous 
mixture. 

TiinCy  mineralized  by  fulphur,  produces  va- 
lious  colours.  I  have  known  it  black,  brown, 
yellow,  greenifli,  and,  finally,  with  a  metallic 
fplendour ;  which  lafl  is  called  by  Mr  Cronftedt, 
particularly,  the  ore  of  zinc.  The  pfeudo  ga- 
lena puts  on  a  fquamous  form,  not  unlike,  that 
galena  which  (hines  when  the  little  lamellae  are 
viewed  obliquely.  Sometimes  it  is  found  fe- 
mi-tranfparent,  very  rarely  odaedral ;  it  occurs 
accidentally,  mixed  with  filver,  lead,  copper, 
arfenic,  and  other  metals. 

The  habitudes  vary  a  little,  according  to  the 
different  heterogeneous  matters.  For  example, 
we  Ihall  defcribe  three  varieties  found  in  Swe- 
den, viz.  the  black  of  Dannemer,  the  red  of 
Bahlberg,  and  the  metallic  one  of  Boval. 

The  firft  of  thefe  docs  not  ftrike  fire  with 
fteel,  yields  a  brown  powder  which  decrepitates 
upon  heating,  fends  forth  a  fmoke  of  a  fulphu- 
reous  fmeli,  and  depofits  upon  the  coal  partly 
white  flowers  (confifting  of  zinc),  and  partly 
yellow  ones  (confifting  of  lead) :  It  is  not  mag- 
netic, either  crude  or  roafted  :  When  expofed 
Co  the  flame,  in  fuch  a  manner  that  the  divided 
X  3  apex 
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apex  of  the  flame  is  reflected,  it  frequently  ap- 
pears tinged  with  zinc. 

The  fecond  is  little  changed  by  pulveriza^ 
tion;  it  ftrikes  (ire  with  ileel  on  account  of  th« 
quartzofe  matrix;  it  neither  decrepitates  noi 
fmokes,  and  generates  flowers  but  fparinglj; 
yet  it  fometimes  tinges  the  flame. 

The  third  produces  an  aihen  broyrn  powder; 
does  not  decrepitate ;  expofed  to  the  apex  of 
the  flame,  it  exludes  fmall  drops,  and  difperfes 
flowers. 

The  microcofmic  fait  diflblves  the  firft,  and, 
at  the  beginning,  puts  on  an  opaque  whitened; 
but,  when  neaily  an  equal  bulk  is  added,  it 
grows  black.  Ihe  fecond  is  never  entirely 
taken  up ;  for  the  quartzofe  part  of  the  matrix 
remains ;  when  loaded,  the  globule  grows  milky. 
The  third  is  diflblved  with  little  eflfervefcence, 
and  the  globule  is  obfcured,  is  a  little  blue  (trom 
the  copper),  but  by  long  fufion  the  tinge  va- 
nidies ;  if  continued  too  long,  it  is  rendered 
opaque. 

It  is  to  be  obferved  of  each  of  them,  that, 
during  folution,  flafhes  break  forth,  fuch  as  arc 
defcribed  proceeding  from  the  metallic  zinc, 
but  fmaller,  and  lefs  frequent. 

Borax,  with  a  fmall  quantity  of  the  firft, 
grows  yellow,  with  a  larger  quantity  black, 
and  that  alraoft  without  any  effervefcence.  The 
fecond  is  more  flowly  taken  up,  yielding  a  yel 
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lowiih  green  glafs;  by  too  much  an  opaxrity  is 
contra£led. 

Mineral  alkali  attacks  the  firft  with  vehe- 
ment ebullition,  producing  grains  of  lead,  al- 
though no  galena  appears  mixed  with  it  even 
by  a  giafs.  The  fecond  is  alfo  taken  up  with 
cffcr\'efcencc,  forming  an  hepatic  mafo,  which 
is  alfo  true  of  the  third ;  but  thcfc  yield  no 
metal. 

§  itu     Analjfis  cf  Calcined  Zinc. 

We  fhall  now  examine  a  variety  of  lapis  ca- 
laminaris,  which,  in  the  manufactories  where 
brafs  is  prepared,  is  called  Hungarian  lapis  ca- 
laminaris. 

(a J  100  lb.  of  this  ftone,  to  which  were  ad- 
ded  165  of  concentrated  vitriolic  acid,  gene- 
rated fo  great  a  degree  of  heat,  as  to  raife  the 
thermometer  in  a  few  moments  from  15"^  to 
65'',  and  a  white  fmoke  breaks  forth,  which 
yet  could  not  pafs  through  the  tube  of  an  alem- 
bic without  the  afiiftance  of  fire.  1  his  fmoke, 
collected  in  diftilled  water,  exhibited  the  fame 
phaenomena  as  are  mentioned  in  the  following 
paragraph,  and,  therefore,  is  of  a  vitriolic  na- 
ture (§  IV.  D.). 

(b j  I  CO  parts  of  this  mineral,  well  calcined, 
lofes  fcarcely  any  of  its  weight ;  fo  that  if  it 
contains  any  aerial  acid,  the  quantity  is  fo  fmall 

as 
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as  not  to  be  fenfible  on  weighing ;  for  the  fmall 
obfervable  decrement  muft  be  afcribed  to  the 
humidity.  The  fame  is  alfo  confirmed  by  fdo- 
tion  in  acids;  for  ilo  effervefcence  appears  in 
this  operation. 

(c)  A  double  weight  of  nitrous  acid  vu 
poured  upon  i  oo  of  the  fame  ore^  which  being 
evaporated  to  drynefs,  the  fame  quantity  vu 
twice  more  added,  and  in  like  manner  expelled 
by  fire ;  this  was  done,  that  the  iron  being  cal* 
cined  might  remain  infoluble.  During  this 
operation  the  vapours  were  fomewhat  red. 

The  mafs  being  again  put  into  nitrous  add, 
the  zinc  alone  was  diflfolved  by  phlogifticated 
alkali,  and  a  white  fediment  was  precipitated, 
which,  when  wafhed  and  dried,  weighed  about 
359  lb.  The  infoluble  refiduum,  well  elizated 
and  dried,  weighed  nearly  i6  lb. ;  this,  vnA 
three  times  its  weight  of  concentrated  vitriolic 
acid,  was  evaporator  to  drynefs  in  a  fand  bath; 
a  folution  was  then  extraded  with  diftilled  wa- 
ter, which  yielded,  by  means  of  phlogifticatcd 
alkali,  about  1 2  lb.  of  Pruffian  blue :  The  li- 
quor remaining  produced,  by  fubfequent  cryt 
tallization,  a  true  alum,  but  in  very  fmall  quan- 
tity. 

Finally,  there  remained  1 2  lb.  which  eluded 
the  force  of  the  acids,  and  which  was  of  a  fit 
ceous  nature. 

(d)AB 
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'*  (d)  All  thcfe  being  confidered,  there  arc 
found  in  100  of  this  lapis  calaminaris,  84  of 
calcined  zinc,  3  of  calcined  iron,  about  i  of 
pure  clay,  and  1 2  of  filiceous  earth. 

(e)  This  analyfis  has  alfo  been  conveniently 
performed  in  another  way.  Firft,  by  abftrac- 
ring  vitriolic  acid,  then  elixating  with  water, 
finally  precipitating  by  cauftic  volatile  alkali, 
and  dilTolving.  The  refiduum,  which  refifts 
the  vitriolic  acid,  is  filiceous  earth  ;  that  which 
refufes  the  volatile  alkali  contains  a  calx  of  iron 
with  pure  clay,  which,  when  diflblved  in  vitrio- 
lic add,  may  be  feparated  by  phlogifticated  al- 
kalL 

(f)  We  (hall  dnifli,  by  adding  fomewhat  here 
concerning  the  calx  of  zinc,  artificially  prepa- 
red, which  commonly  goes  by  the  name  of 
flowers  of  zinc.  Thefe  are  eafily  and  totally 
diflblved  by  acids,  generally  without  any  mo- 
tion, but  fometimes  with  a  vehement  eflfervef- 
cence.  Some  flowers,  which  had  been  made  by 
Von  Swab  in  the  year  1742,  were  quietly  dif- 
folved  after  the  fpace  of  thirty-feven  years; 
mrhcreas  others,  made  in  1758,  excited  a  vio- 
lent effervefcence  like  chalk,  infomuch  that  one 
would  be  induced  to  fuppofe,  at  firfl,  that  chalk 
was  mixed  with  them  ;  but,  upon  examination, 
nothing  heterogeneous  was  found.  The  ebflic 
fluid  which  was  extricated  fhewed,  upon  exa- 
{nination,  all  the  properties  of  aerial  acid.  This 

diflference 
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difference  is  undoubtedly  occafioned  by  the 
quantity  of  the  aerial  acid  furrounding  the 
mafs  during  calcination,  and  (hews  that  the  de« 
phlogidication  may  be  effeded  without  the  re- 
ception of  that  acid. 

The  flowers,  which  are  extremely  white,  er» 
pofed  to  the  adion  of  dephlogifticated  marine 
acid  for  fome  days  in  a  clofe  veflel,  grow  almoft 
black,  but  are  not  (like  white  arfenic)  refolved 
into  an  acid  liquor. 

§  IV.     Analyfis  of  Aerated  Zinc. 

The  fpecimen  of  aerated  zinc  firft  examined, 
was  that  brought  from  Holy- Well  in  England, 
the  fame  which  had  been  examined  before  by 
the  blow.pipe  (§  ii,). — Of  this 

(a)  I  go  lb.  reduced  into  a  fubtile  powder, 
lo(t  by  calcination  34  lb.  but  did  not  betray  the 
flighteft  traces  of  a  fulphureous  odour. 

(b)  As  it  diflblves  in  marine  acid  with  effer- 
vefcence,  and  without  any  hepatic  odour,  the 
operation  was  performed  in  a  chemico-pneuma- 
tic  apparatus,  in  order  to  examine  the  nature 
of  this  volatile  vapour.  1 00  lb.  in  this  way 
yielded  only  ten  cubic  inches  of  elaftic  fluid; 
but  the  water  through  which  it  paiTed,  amount- 
ing to  30  inches,  was  found  almoft  faturated. 
In  order,  therefore,  to  determine  it  more  accu- 
rately, it  was  coUefted  in  mercury,  and  exhi- 
bited 
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t>ited  about  28  cubic  inches,  which  were  all 
abfbrbed  by  difUlled  water,  and  imparted  to  it 
all  the  properties  communicated  by  aerial  acid. 
I^ow,  28  cubic  inches  of  that  acid,  in  a  mode* 
rate  temperature,  weigh  about  fo  many  alTay 
pounds,  but,  in  calcination,  34  are  loft :  Six 
therefore  remain,  which,  doubtlefs,  are  owing 
to  water ;  for  it  appears  from  (d)  that  no  aerial 
acid  is  prefent. 

(c)  1  he  experiment  was  repeated  in  the  fame 
way,  but  the  vitriolic  acid  employed  infiead  of 
the  marine  ;  an  equal  bulk  of  aerial  acid  was 
produced. 

{  d)  In  order  to  difcover  whether  any  vefti- 
ges  of  marine  acid  remain  hid  in  this  ore,  to 
too  parts,  reduced  into  a  very  lubtile  powder, 
were  added  165  of  concentrated  vitriolic  acid, 
in  a  fmail  cucurbit  fitted  with  an  head,  the  ori* 
fice  of  whofe  tube  was  plunged  under  diftilled 
water.  No  fmoke  or  fmell  was  perceived.  The 
cucurbit  was  therefore  placed  in  a  fand  bath, 
and  fire  being  applied,  the  mixture  at  length 
fent  forth  a  white  fmoke,  which  paffing  through 
the  water,  there  depofited  whatever  acid  it  con- 
tained ;  and  the  water  loaded  with  this  fume 
reddened  paper  tinged  with  turnfole.  Some 
drops  of  a  folution  of  nitrated  filver  were  drop- 
ped into  a  fmall  portion  of  this,  upon  which 
clouds  arofe,  but  thefe  quickly  vanifhed  upon 
the  addition  of  a  quantity  of  diftilled  water. 

But, 
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But,  as  vitriolated  filver  is  much  more  fblubk 
than  falited  filver,  a  fufpicion  arofe  of  tl^ 
prefence  of  vitriolic  acid,  which  was  further 
confirmed  by  the  dropping  in  of  nitrated  mer* 
cury  prepared  without  heat ;  for  the  white  ftris 
which  appeared  upon  this  inftillation,  upon  the 
further  addition  of  a  large  quantity  of  water, 
fell  to  the  bottom  in  the  form  of  a  yellowifli 
powder:  Befides  the  addition  of  falited  terra 
ponderofa  to  a^other  portion,  immediately  g^ 
nerated  a  fpathum  ponderofum,  the  moft  cer- 
tain fign  of  vitriolic  acid.  If,  therefore,  marine 
acid  be  prefent  in  fome  vitriform  ores  of  zinc, 
this  mufl  be  confidered  at  leaft  as  accidental, 
and  by  no  means  neceflary  to  their  compofi* 
tion. 

(e)  Vitriolic  acid  takes  it  up  almofl  entirely, 
leaving  fcarcely  oo,i  remaining  undiffohed} 
and  evaporation  being  continued  to  drynefs,  fo 
as  to  expel  the  fuperfluous  acid,  the  folution, 
on  the  addition  of  water,  yields,  by  cryftalliza- 
tion,  326  lb.  of  white  vitriol. 

(f)  Phlogidicated  alkali,  added  to  a  folution 
of  this  vitriol,  throws  down  a  mixed  mafs,  white 
and  fpongy,  yet  containing  a  few  particles  of 
PrufTian  bluej  which  fhews  that  a  fmall  quanti- 
ty of  iron  is  prefent.  It  is  worthy  of  obferva- 
tion,  that  the  blue  atoms  gradually  become  of 
a  brownifh  red;'  whether  they  be  fuffered  to  re- 
main in  the  liquor  for  fome  days,  or  whether 

they 
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they  be  feparated  by  filtration,  wafhed,  and 
dried. 

(g)  100  parts  of  vitriform  zinc,  with  pow- 
dered charcoal,  and  1 50  of  copper,  treated  in 
the  ufual  way,  communicated  to  the  copper  an 
increment  only  of  1 5  lb.  though,  in  this  opera- 
tion, a  great  part  of  the  zinc  always  is  deflroy 
cd  by  deflagration. 

(h)  Upon  comparing  all  the  experiments,  it 
plainly  appears,  that,  in  100  of  this  Englifh  mi- 
neral, there  are  28  of  aerial  acid  (b.  c),  6  of 
water  (b.),  and  of  calcined  zinc  (with  a  very 
fmall  portion  of  ochre,  fcarce  exceeding  i)  a- 
bout  65  (e.  f.). 

fi)  For  the  fake  of  comparifon,  it  muft  be 
added,  that  the  artificial  glafs  of  zinc,  arifing 
from  the  diftillation  of  this  femi-metal,  diiTolves 
in  acids  without  any  effervefcence ;  fo  that  it 
aifo  contains  more  zinc,  and  the  other  variety 
mentioned  in  §  11.  (b.)  is  produced. 

S  V.     Analyfis  of  Vitriolaied  Zinc. 

Zinc,  in  a  faline  (late,  has  hitherto  been  but 
rarely  found,  and  always  united  with  vitriolic 
acid ;  fcarcely  ever  pure,  but  united  with  vitriol 
of  iron  or  of  copper,  or  both  together.  We 
flkall  therefore  firft  examine  it  in  its  pure  ftate, 
in  order  to  di(cover  occafional  differences  the 
better. 

(a)  Vitriol 
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(a)  Vitriol  of  zinc  yields  tranfparent  cryftilt^ 
clear  as  water,  and  without  any  colour ;  they 
exhibit  compleat  quadrangular  prifms,  two  of 
whofe  oppofite  fides  are  broader  ;  the  terminal 
ting  pyramid  has  alfo  four  fides  :  In  general^ 
however,  in  the  two  oppofite  angles  of  the 
prifm,  a  fmall  defe&  is  oblerved,  fo  that  the 
fedion  becomes  hexagonal.  The  natiye  yntxki 
is  generally  ftataditic,  arifing  from  the  fponta- 
neous  calcination  of  pfeudo  galena*  The  cry« 
ftals  rather  calcine  than  deliquefce. 

(b)  By  gentle  calcination  ioc>  lofes  about  40^ 
which  confiit  of  water. 

After  a  white  heat  of  three  hours,  no  more 
remained  than  20  of  afhen  brown  coloured 
powder ;  yet  that  metallic  zinc,  by  calcination, 
is  increafed  at  leaft  o,  1 7,  plainly  appears,  Sk 
30  of  calx  are  produced  from  little  more  than 
17  of  the  metal:  100  of  white  vitriol  there- 
fore, contains  20  of  calcined  zinc,  40  of  vitrio* 
lie  acid,  and  40  of  the  water  neceflary  to  cryf. 
tailization. 

(c)  In  a  moderate  temperature,  100  of  the 
cryftnlHzed  vitriol  require  to  diflblve  them  228 
of  di Hilled  water.  By  a  boiling  heat  much 
more  is  taken  up. 

(d)  If  to  a  folution  of  the  100  juft  mention- 
ed, be  added  a  phlogifticatcd  alkali,  whitift 
particles  are  foon  feparated  ;  which,  collected, 
wafhed,  and  dried,  after  compleat  precipitation, 

yield 
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yield  83  of  a  yellowifli  white  powder.  Now, 
I  part  of  metallic  (that  is  1,17  of  calcined  zinc) 
yields  to  phlogifticated  alkali  nearly  5,  there- 
fore 83  indicate  16^  of  metallic  zinc  ;  which  a- 
grees  altogether  with  an  experiment  already 
tried  in  another  way  (b). 

(e)  a  folution  of  1 00,  precipitated  by  aera- 
ted alkali,  yields  a  white  powder,  in  weight  38, 
which  is  taken  up  by  acids  with  an  efferve- 
icence,  which  continues  till  the  very  laft  particle 
is  diflblved ;  therefore  20  of  calcined  zinc  are 
able  to  fix  1 8  of  aerial  acid  and  water  together. 
fience  we  derive  an  illuftration  of  what  has 
been  already  faid  concerning  its  effervefcence 
in  acids  ($  iv.  f.)«  Zinc,  when  once  calcined 
without  aerial  acid,  afterwards  attrads  it  fcarce- 
ly  at  all,  or  at  leaft  very  flowly, 

(f)  White  vitriol,  mixed  with  green,  blue, 
or  both,  cannot  be  feparated  from  them  by  cry- 
ftallization. 

The  mixture  may  in  fome  degree  be  judged 
cf  by  the  colour.  The  form  of  the  cryftals  is 
fpathaceous,  even  though  the  inquinament  does 
not  exceed  4.  The  phlogifticated  alkali  be- 
trays copper  by  a  brownifti  red,  and  iron  by 
blue  particles,  the  former  of  which,  particular- 
ly, diftindly  appear  on  the  firft  infliilation, 
mixed  with  the  white,  provided  the  liquor  be 
not  fhaken.  On  the  addition  of  zinc,  both  the 
copper  and  iron  are  precipitated. 
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5  VI.    Amlyfu  of  the  Black  Pfeudo  Galena  tf 
Dannemer. 

I  have  tried  by  various  methods  to  difcover 
the  compofition  of  the  pfeudo  galena }  but  (haU 
here  only  mention  thofe  which  feemed  peculiarly 
adapted  to  the  purpofe  in  each  particular  cafe. 

(a)  By  a  white  beat  of  four  hours,  25  out  of 
100  flew  oflF}  at  the  fame  time  a  ftrong  ImeU 
of  fulphur  was  perceived,  fcarcely  mixed  with 
that  of  arfenic,  but  no  flame,  nor  were  any 
flowers  of  zinc  difcernible  \  the  colour  of  the 
roafled  powder  was  like  that  of  bricks. 

This  operation  being  finiflied,  the  quantity 
of  volatile  matter  is  generally  eftimated  from 
the  decrement  of  weight ;  but,  when  we  are  ex- 
amining ores  by  this  method,  tlTe  quantity  is 
made  lefs  than  it  ought,  as  metals  gain  weight 
by  calcination.  Lead  gains  about  0,12,  cop- 
per 0,16,  zinc  0,17,  and  iron  0,36.  In  the 
prefent  cafe,  the  quantity  of  the  metals  other- 
wife  known '(if  they  be  fuppofed  in  a  perfed 
(late)  (hews  that  by  the  dephlogiftication  the 
weight  of  the  remaining  mafs  is  increafed  by 
12.  This  correction  therefore  (hould  not  be 
neglefted. 

(b)  Six  hundreds  of  the  pfeudo  galena,  b^ 
ing  expofed  to  heat  in  a  clofe  apparatus,  no  e- 
laftic  fluid  appeared  ;  a  little  fulphur  was  fepa- 

rated, 
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rated,  and  nearly  6  lb.  of  reguline  arfenic  col- 
leded  in  the  upper  part,  as  alfo  about  36  of 
water  in  a  tube  fitted  for  receiving  it ;  viz.  to 
the  extremity  of  the  alembic  tube,  turned  up. 
wards,  was  fafliened  a  wet  bladder  well  emp« 
tied  of  air  by  preffure :  During  the  operation 
it  was  a  little  inflated,  but  on  cooling  collapfed 
again ;  the  water  filled  the  tube  ;  the  reguline 
arfenic  covered  the  upper  part  of  the  cucurbit 
with  a  black  fcale. 

(c)  As  lead  is  found  in  this  ore  (§  11.),  the 
^5  parts  remaining  were  boiled  in  marine  acid 
fo  long  as  any  thing  was  diflblved  ;  to  the  folu- 
tion,  filtered,  and  infpiffated  by  evaporation, 
was  added  vitriolated  volatile  alkali,  by  which 
a  vitriol  of  lead  was  partly  fcparated  inftantly, 
and  partly  by  further  evaporation.  This  vitriol 
yielded  about  6  lb.  of  lead. 

(d)  The  remaining  liquor  was  evaporated  to 
drynefs ;  and,  for  the  purpofe  of  calcining  the 
iron,  nitrous  acid  was  repeatedly  evaporated 
from  it,  the  lafl:  time  even  to  ignition.  Finally, 
it  was  difTolved  in  that  acid  ;  but  there  remain- 
ed 13  of  calcined  iron,  which  is  equivalent  to 
atbout  9  of  the  metal. 

-     (e)  a  folution  of  zinc,  precljjitatcd  by  phlo- 
gilHcated  alkali,  yieltleJ  a  whitilh  yellow  fedi- 

ent,  weighing  223  lb.   which  indicate  nearly 

^  of  metaillc  zinc  (5  ^'''  ^v* 

"^  Vol.  II.  Y  (vjThc 
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(f)  The  marine  acid  mentioned  in  (b)  wit 
fefifted  by  4  parts,  which  diflblved  with  greit 
difficulty  in  microcofmic  fait,  but  more  eafitj 
in  borax,  and  in  mineral  alkali  with  efferrcf* 
cence.  Thefe  properties  indicate  a  filiceom 
nature. 

(o)  Upon  a  juft  calculation,  therefore,  it  ip- 
pears,  that  the  100  under  examination  contaiai 
29  of  fulphur,  I  of  regulus  of  arfenic,  6  of  wi^ 
ter,  6  of  lead,  9  of  iron,  45  of  zinc,  and  4  of 
filiceous  earth.  There  is  no  doubt  but  that  die 
proportions  vary  a  little  in  the  various  fped* 
mens:  Befides,  in  order  to  determine  alitbe 
quantities  with  precifion^  it  would  be  neceflaif 
to  know  the  deficiency  of  phlogiflon  occafioned 
in  metals  by  their  union  with  fulphur ;  a  dr« 
cumflance  which,  however,  is  yet  unknown: 
Somewhat  is  certainly  loft  ;  but  it  fhould  appear 
the  lofs  is  but  fmall. 

5  VII.     Anal'jfis  of  the  Brown  Ffeudo  Galena  if 
Sahlberg. 

(a)  The  brown  pfeudo  galena  of  Sahlberg, 
properly  roafted,  lofes  only  0,13,  of  which  5 
are  water.  The  fulphureous  odour  is  lefs  per* 
ceptible  in  this  than  in  the  former  analylis. 

(b)  Nitrous  acid  was  repeatedly  abftraftcd 
from  the  other  87  parts,  even  to  ignition,  and, 

afterwards; 
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afterwards,  whatever  that  menllruum  could  take 
up  was  diflblved. 

(c)  The  folutioa,  on  examination,  only 
yielded  zinc,  which,  when  precipitated  by  phIo« 
gifticated  alkali,  yielded  218  lb.  of  fediment, 
and  then,  by  volatile  alkali,  3  parts  of  clay. 

(o)  From  the  remaining  31  parts,  which 
refifted  the  nitrous  acid,  the  vitriolic  was  ab- 
ftraded  to  drynefs ;  upon  which  it  was  elix- 
ated  with  diftilled  water,  and  24  only  remain- 
ed. 

(b)  The  folution  of  (d),  precipitated  by 
phlogifticated  alkali,  yielded  29  parts  of  Pruf^ 
fian  blue,  which  nearly  correfpond  to  45  of 
iroiu 

(f)  The  Pruffian  blue  being  feparated  by  fil- 
tration, the  liquor  had  an  aluminous  tafte  ;  and 
this  lalt  alfo  appears  upon  cryftallization,  but 
mixed  with  vitriolated  vegetable  alkali. 

(g)  The  24  parts  untouched  by  the  acids, 
were  the  reliquiae  of  a  quartofe  matrix. 

(h)  Therefore  1 00  of  this  ore  contains  about 
17  of  fulphur,  5  of  water,  44  of  zinc,  5  of  iron, 
5  of  clay,  and  24  of  quartz. 

It  is  probable,  that,  in  this  inftance,  the  zinq 
is  more  dephlogidicaced  than  in  the  others. 
Hence,  from  the  unknown  quantity  of  the  dif- 
fereoce,  an  error  arifes,  perhaps  of  fome  pounds, 
which  as  yet  cannot  be  determined. 
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§  VIII.     Analjfts  of  the  Pfeudo  Galena  of  Boval, 
which  pofjeffes  a  Metallic  Splendour. 

(a)  ioo  of  the  pfeudo  galena  of  Boval  loft 
by  roafting  17,  which,  by  their  fmell,  feemed 
to  be  nothing  but  fulphur ;  but  diftillation  fhcwi 
that  a  fmall  quantity  of  water  is  alfo  mixed  with 
them. 

The  refiduum  grows  black  on  calcination. 

(b)  The  83  parts  which  remained  were  wet- 
ted with  three  times  their  quantity  of  concen- 
trated vitriolic  acid,  and  evaporated  to  drynefi; 
then  all  the  faline  part  was  feparated  from  the 
white  mafs,  by  boiling  in  diftilled  water,  and  6 
parts  remained  which  eluded  the  adion  of  the 
menftruum,  which  were  with  difficulty  taken 
up  by  microcofmic  fait,  more  readily  by  borax, 
but  very  eafily,  and  with  effervefcence,  by  mi- 
neral alkali ; .  at  the  fame  time  the  laft  globules 
were  brown  :  Hence  ic  appears  that  they  con- 
fift  of  a  filiceous  and  martial  matter. 

(c)  In  this  inftance  the  colour  of  the  fob* 
'  tion  does  not  betray  copper,  which  yet  is  (hewn 

by  the  microcofmic  fait  (§  ii.Jj  but  the  addi- 
tion of  iron  foon  removes  all  doubt.  In  order 
to  determine  the  quantity  of  this  metal,  a  polilh- 
cd  plate  of  iron  was  boiled  in  the  folution  as 
long  as  any  of  it  continued  to  be  taken  up.  TIk 
cupreous  fcdimcnt,  coilcded,  waflied,  and  dried, 

weighed 


OF  THE  ORES  OF  ZINC.        341 

W'cighed  4  lb.     The  plato-  was  found  to  have 
loft  6  lb. 

(d)  In  the  remaining  liquor  phlogifticated 
alkali  precipitates  at  once  a  white  and  a  blue 
iediment,  which  indicates  the  prefence  both  of 
zinc  and  iron.  In  order  to  determine  the  pro- 
portions, this  liquor,  evaporated  to  drynefs, 
was  long  calcined  in  the  open  fire ;  afterwards, 
nitrous  acid  was  repeatedly  abftrafted  to  dry- 
nefs from  the  mafs,  that  the  iron,  fpoiled  of 
phlogifton,  might  be  rendered  infoluble  in  that 
acid. — ^Nor  was  the  experiment  unfuccefsful ;' 
£3r  the  zinc  alone  was  taken  up,  and  about 
19  lb.  of  calcined  iron  remained,  which  are 
equivalent  to  14  parts  of  regulus,  the  weight 
being  increafed  0,36  by  calcination. 

(e)  The  folution,  containing  zinc  precipi- 
tated by  phlogifticated  alkali,  yields  259  parts 
of  white  fediment,  waflied  and  dried. 

(f)  100  of  this  ore,  therefore,  contains  52 
of  zinc,  8  of  iron,  4  of  copper,  26  of  fulphur, 
and  4  of  water,  together  with  6  of  a  filiceous 
and  martial  matter. 

(gJ  That  the  metals  exift  either  in  a  ftate 
nearly  reguline,  or  but  little  dephlogifticated, 
eafily  appears,  both  by  the  metallic  fplendour, 
and  the  violence  and  rednefs  of  the  vapours 
•with  which  the  nitrous  acid  attacks  them  ;  and, 
finally,  by  the  union  with  fulphur.  *  The  fame 
Y3  is 
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is  nearly  true  of  the  ore  of  Danncmcr,  vhicl^ 
although  deftitute  of  metallic  fplendour,  exhi- 
bits the  fame  phaenomena  with  nitrous  acid 
(S  IX.  c.)  ;  and,  befides,  on  fublimation,  it  ex- 
hibits a  reguline  arfenic  (§  vi.  b.).  But  the 
pfeudo  galena  of  Sahlberg  feems  to  contain  a 
fmaller  portion  of  phlogifton. 

(h)  It  follows,  from  the  analyfis  of  pfeudo 
galena,  i.  That  lime,  though  it  be  fometimcs 
prefent,  is  not  neceflarily  required;  for  the  three 
varieties  I  examined  did  not  fhew  the  flightcft 
trace  of  it,  even  when  the  acid  of  fugar,  its 
niceft  teft,  was  employed.  It  is  certain,  if  the 
fulphur  was  here  united  with  zinc  in  the  ftate 
of  an  earthy  hepar,  that  a  fmall  quantity  of 
lime  would  not  fufiice,  and  part,  at  leaft,  of  die 
hepar  might  be  elixated  by  waten  2.  That  the 
prefence  of  cobalt  and  filver  is  accidental,  as 
alfo  of  lead  and  arfenic  in  the  Dannemer  pfeu- 
do galena,  and  of  copper  in  that  of  Boval.  3. 
That  zinc,  iron,  and  fulphur,  are  always  pre- 
fent ;  for  zinc  cannot  be  united  with  fulphur, 
but  by  means  of  iron.  When  thefe  three  in- 
gredients are  fufed  together,  an  artificial  pfeudo 
galena  is  eafily  made.  But  it  may  be  gathered 
from  the  water,  that  nature  has  eflfe^fled  the 
union  in  the  humid  way. 

Six. 
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5  nr.    The  Phaenomena  of  the  Hepatic  Smelly  ex* 
tricated  by  Acid^from  Pfeudo  Galena. 

When  the  vitriolic  or  marine  acid  is  poured 
on  pfeudo  galena,  an  hepatic  odour  is  exhaled  ; 
but  it  may  be  gathered  from  what  goes  before^ 
that  no  alkaline  fait  nor  abforbent  earth  is  pre- 
fent,  and  therefore  no  hepar.  Hence  the  caufe 
of  this  phaenomenon  may  be  properly  inquired 
after. — The. following  experiments  will  ferve  to 
folve  the  problem. 

(a)  Six  aifay  100  of  black  pfeudo  galena 
from  Dannemer,  well  pounded,  were  put  intd 
a  glafs,  and  the  bulb  of  the  thermometer  wa^ 
let  in  the  midftvof  it.  300  of  concentrated  yi- 
triolic  acid  being  poured  on,  a  few  bubbles  a- 
rofe,  and  a  didind  hepatic  odour  was  percei- 
ved. In  four  minutes  the  mercury  arofe  froni 
16  to  27  ;  but  in  nine  it  began  to  fink.  The 
powder  was  fo  much  indurated,  that  it  was  dif- 
ficult to  feparate  the  thermometer  without  break- 
ing it. 

(b)  The  experiment  was  repeated  with  200 
of  fmoking  marine  acid.  A  ftrong  hepatic 
odour,  and  a  violent  effervefcence,  were  obfer- 
ved ;  but  the  mercury  in  the  thermometer  re- 
mained without  motion. 

(c)  200  of  fmoking  nitrous  acid,  diluted 
with  an  equal  quantity  of  water,  were  poured 

T  4  0« 
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on  the  fame  weight  of  ore,  when  an  intumefr 
cence  was  perceived,  and  red  vapours  arofei 
without  an  hepatic  fmell.  A  heat  of  74*^  took 
place  in  four  minutes. 

The  refiduum,  after  having  been  well  wafted 
with  hot  water,  produced  no  hepatic  fmell,  et- 
thei;  with  the  vitriolic  or  marine  acids. 

(d)  The  hepatic  vapour,  extricated  with  the 
afliftance  of  heat,  by  vitriolic  acid,  out  of  a 
quintal,  and  collefted  in  quickfilver,  amounted 
to  two  cubic  inches  ;  but  the  marine  acid  pro* 
duced  feven  from  the  fame  quantity.  The  red 
fumes  arifing  when  nttrdus  acid  is  employed, 
were  found,  on  examination,  to  be  nothing  but 
what  is  called  nitrous  air. 

(e)  One  half  of  a  quadrant  of  hepatic  air, 
collefted  in  an  inverted  phial,  and  mixed  with 
an  equal  portion  of  nitrous  air,  becomes  gru* 
mcus,  and  depofits  fulphur ;  and  the  mercury 
in  the  thermometer,  fufpended  in  it,  rofe  to  6\ 

(f)  Yet  all  the  pfeudo  galenas  are  not  equal- 
ly  affefted  by  acids.  If  marine  acids  be  poured 
on  the  three  above  examined,  that  of  Danne- 
mer  emits  an  hepatic  air,  with  many  bubbles ; 
from  that  of  Boval  fewer  bubbles  rifej  and 
from  that  of  Sahlberg  fcarce  any.  The 
two  fird  yield  a  very  oiFenfive  fmell,  even 
tHough  kept  in  corked  bottles  for  a  number 
of  years :  The  lall:  has  but  a  faint  fmell,  which 
continues  only  for  a  few  minutes:    The  otheri, 

boiled 
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boiled  with  acids,  fcarce  extricate  any  hepatic 
odour. 

(g)  2y  cwt.  of  yellow  lapis  calaminaris  from 
Hungary,  treated  in  the  fame  way  as  the  pfeo- 
do  galena,  cccafioned,  with  vitriolic  acid,  a  de- 
gree of  heat  =  65",  but  no  hepatic  fmell  was 
perceived. 

(h)  The  fame  ftone  generated  heat  with  ni- 
trous and  marine  acid,  but  without  any  liepa- 
tic  imell. 

(i)  Flowers  of  zinc  occafion,  with  acids^ 
beat,  but  no  fmell. 

S  X.     Explanation  of  the  Hepatic  Odour. 

From  the  phaenomena  above  mentioned,  <he 
origin  of  the  hepatic  odour  is  eafily  feen  both 
analytically  and  fynthetically.  We  ihall  firft 
examine  it  analytically. 

(a)  ITiat  fulphur  enters  the  compofition  can- 
not be  doubted,  as  it  is  actually  found  precipi- 
tated (§  IX.  E.) :  But  we  are  to  inquire  the 
caufe  which,  in  this  inftance,  dilates  the  fulphur 
which  had  been  fo  fubtilely  diifolved  into  an 
aeriform  elaftic  fluid. 

(b)  That  heat  exifts  fixed  in  hepatic  air, 
and  is  fet  at  liberty  by  the  deltruftion  of  that 
air,  evidently  appears  from  the  afcent  of  the 
mercury  (§  ix.  e.).  The  opinion  that  the  heat 
of  bodies  confiils  in  a  certain  inteftine  motion 

of 
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of  their  parts,  is  at  prefent  held  to  be  total- 
ly improbable.  *Many  circumflances  tend  to 
prove,  that  heat  is  to  be  attributed  to  a  mat* 
ter  diftind  from  all  others,  which,  when  dit 
engaged,  occafions  fenfible  heat  in  proportioB 
to  its  quantity ;  but,  fo  long  as  it  conftitutes 
a  primary  principle  of  bodies,  its  power  of 
heating  is  repreffed,  (in  the  fame  way  as  the 
properties  of  an  acid  faturated  with  alkaline 
fait)  which  power,  however,  it  again  recovcn, 
when  by  any  means  fet  at  liberty ;  hence,  in  ca- 
tain  folutions,  heat  is  generated ;  namely,  whta 
that  principle,  which  had  been  united  with 
one  of  the  ingredients,  is  expelled  by  a  ftrong* 
er  attradion  :  In  others,  cold  is  produced, 
occafioned  by  the  heat  entering  into  the  new 
compound*  Since,  therefore,  on  precipitaticm 
of  fulphur  from  hepatic  air,  heat  is  generated, 
We  may  conclude,  that  the  matter  of  heat  had 
been  before  fixed.  This  conclufion  will  be 
further  confirmed  hereafter  (e.). 

(c)  It  appears  plainly,  that  the  phlogifton 
in  hepatic  air  forms  the  bond  of  union  be- 
tween the  matter  of  heat  and  the  fulphur; 
for  that  air  cannot  be  decompofed,  except 
by  fubftances  which  are  extremely  greedy  gf 
phlogifton.  Concentrated  nitrous  acid  pot 
fefles  this  power,  even  in  water  loaded  witb 
hepatic  air ;  nay,  nitrous  air,  although  fo  much 
loaded  with  phlogifton  that  its  acid  properties 

arc 
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ftre  concealed,  produces  the  (ame  effed  (§  ix. 
£•)•  We  fee,  therefore,  that,  upon  the  ab« 
ilradion  of  phlogifton,  the  whole  compofition 
18  deftroyed,  fo  that  it  may  juftly  be  confidered 
Ae  bond  of  union.  Sulphur,  by  means  of 
heat  alone,  diffufes  no  hepatic  fmell. 

All  this  is  completely  eflabliihed  by  a  right 
confideration  of  the  principles  of  the  pfeudo 
galena,  and  its  different  habits  with  refped  to 
acids.^-We  now  proceed  to  examine  this  fub- 
ydBc/ynthetically. 

The  conftituent  parts  of  hepatic  air  being 
thus  difcovered  by  analyfis,  let  us  now  examine 
fynthetically,  whether  thefe  are  to  be  found  in 
the  pfeudo  galena. 

(d)  Of  fulphur  we  can  have  no  doubt,  as 
even  the  quantity  of  that  has  been  already  de- 
termined (§  VI. — Vlll.). 

(e)  The  prefence  of  the  matter  of  heat  is 
equally  certain ;  for  the  pfeudo  galena,  with 
nitrous  acid,  excites  a  conflderable  degree  of 
heat  (§  IX.  c.) ;  and  the  vitriolic  acid  gene- 
rates with  it  a  degree  of  heat,  though  lefs. 
Thus  we  fee  the  matter  of  heat  more  or  lefs  fet 
at  liberty. 

(f)  Befides  the  phlogifton  of  the  fulphur^ 
no  fmall  portion  of  that  principle  adheres  to 
the  metals,  as  has  already  been  evinced  (§  vii. 

AH 
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All  the  principles,  therefore,  before  difcovcr* 
cd  by  analyfis,  are  prefent  (a.— c.). 

(g)  It  may  now  be  queftioned,  ivbetber 
thefe  principles  are  fo  united  in  the  pfeudo 
galena,  as  adually  to  conftitute  hepatic  air, 
which,  like  the  aerial  acid  in  chalk,  lies  hid; 
or  whether  it  be  on  the  addition  of  the  proper 
acid  that  they  firft  coalefce,  and  form  an  elaftic 
fluid. 

(h)  In  order  to  determine  this  queftion,  the 
pfeudo  galena  was  fubjeftedi  by  itfelf,  to  di- 
ftillation }  and  the  vapour  extricated  was  coU 
Ie£ted  in  a  pneumatic  apparatus  :  But,  on  ex- 
amination, nothing  was  obtained  but  a  fmall 
portion  of  water,  and  nothing  at  all  aerial: 
Befides,  all  the  different  acids  would  expel 
the  fame  quantity,  if  the  hepatic  air  lay  hid, 
like  the  fixed  air  in  chalk  ;  but  we  have  feen, 
that,  from  i  cwt.  none  was  obtained  by  ni- 
trous acid,  two  cubic  inches  by  the  vitriolic, 
and  feven  by  marine  acid  (§  ix.  d.)  ;  the  elaf- 
tic fluid,  therefore,  does  not  pre-exift  in  a  per- 
fed  ftate. 

(i)  It  is  generated,  therefore,  during  the 
folution :  For  the  addition  of  the  acid,  by 
loofening  the  texture  of  the  mafs,  fets  the  heat 
at  liberty,  together  with  the  phlogifton  of  the 
zinc  and  iron  ;  for  no  metal  is  taken  up  by 
acids,  until  it  is  dephlogifticated  to  a  certain 
degree.     The   firfl:  effect,   therefore,   of  acids 

upoQ 
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upon  metals,  is  to  deprive  them  of  that  por- 
tion of  their  phlogifton  which  prevents  their 
folution,  and  by  this  privation  they  become  fo- 
luble. 

Thefe  two  principles,  heat  and  phlogifton, 
being  fet  at  liberty,  feize  the  fulphur  which 
they  meet  with,  combine  with  it,  and  form  an 
daftic  fluid ;  but,  as  the  nitrous  acid  attracts 
and  retains  phlogifton  with  more  force  than 
the  reft,  with  it  a  great  heat  is  generated ;  but 
no  hepatic  air  can  be  formed,  for  the  principle 
which  fliould  conned  the  other  two  is  wanting. 
The  vitriolic  acid,  indeed,  attracts  phlogifton 
lefs  powerfully  than  the  nitrous,  buc  docs  not 
3rield  up  all  that  it  fets  at  liberty  to  the  gene- 
ration of  hepatic  air ;  and  this  air  is  confe* 
quently  produced  only  in  fmall  quantity,  in- 
deed fo  fmall,  that  fome  heat  remains  at  liber- 
ty :  But  the  marine  acid,  being  naturally  load- 
ed with  phlogifton,  does  not  attract  any  more ; 
therefore,  the  whole  of  the  heat  may  very  eaft- 
ly  be  fixed  by  the  phlogifton  extricated  by  thii^ 
acid  from  the  metals ;  hence,  with  this  acid, 
there  is  no  heat  generated,  but  a  confiderable 
quantity  of  hepatic  air.  The  calcined  pfeudo 
galena  retains,  indeed,  the  matter  of  hear,  but 
lofes  the  phlogifton  and  the  fulphur  in  th& 
fire ;  therefore,  no  vcftiges  of  hepatic  air  can 
arife  here,  as  with  the  lapis  calaminaris  ( j  ix. 
p.  c.) 

All 
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All  thefe  circmnftances  agree  fo  perfedlfi 
that  no  doubt  can  remain  of  the  truth  of  the 
explanatipn ;  yet  pfeudo  galena  is  not  to  be 
confidered  as  the  only  body  in  nature  whicli 
can  produce  an  hepatic  air  and  odour  on  the' 
addition  of  acids:  It  is  enough  to  menticm 
galena^  which  occafionally  exhibits  the  fame 
phaenomena;  for  the  marine  acid  a£ts  moft 
efficaciouily,  but  the  nitrous  ihews  not  the  letft 
vefliges  of  any  thing  hepatic ;  and,  in  this  cafep 
the  vitriolic  acid  has  little  effe£b,  as  it  hardif 
attacks  lead  when  in  a  metallic  ftate.  It  is  al* 
fo  worthy  of  obfervation,  that  native  Siberian 
iron,  with  marine  acid,  diffufed  a  diftindly  be- 
patic  fmell ;  but  the  examination  of  this  woiiM 
require  a  feparate  treatife. 

§  XI.     Phofphorie  Quality  of  the  Pfeudo  Galeiuu 

Some  varieties  of  pfeudo  galena, ,  upon  fric- 
tion,  fhine  in  the  dark  ;  and,  among  tbofe, 
the  mod  remarkable  is  that  which  is  found  at 
Scharfenberg,  in  Mifnia.  This,  when  rubbed 
with  glafs,  a  bone,  iron,  or  any  hard  fubftancei 
emits  a  foetid  fmell,  and,  at  the  point  of  con* 
tad,  fends  forth  a  flame  of  a  gold  colour ;  and 
this  happens  in  water,  nay,  even  in  acids  ;  and 
it  retains  this  property  even  after  a  violent  white 
heat.  Some  infift  that  this  light  is  eleftric; 
\>xxt  the  eledric  flafh  is  of  a  very  different  kind, 

l>cing 
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being  entirely  extinguifhed  by  water,  whereas 
this  is  made  rather  more  fplendid.  Latent  light 
is  not  the  caufe;  for  in  folution  no  light  is 
occafioned. 

Suppofmg  that  light  be  nothing  but  the  mat*- 
ter  of  heat,  with  a  determined  fuperabundance 
of  phlogifton,  thefe  principles  are  not  deficient 
in  the  pfeudo  galena ;  for  we  have  already  feen, 
that  the  matter  of  heat  is  really  prefent  (S  x. 
B*  E.)j  2nd,  at  the  fame  time,  phlogifton  (§  x. 
c  F.).  Tde  firft,  therefore,  excited  and  fet  at 
liberty  by  friftion,  may  eafily  feize  the  latter, 
and  produce  light. 

Many  varieties  do  not  (hinc  at  all,  fome 
icarcely,  and  a  few  very  remarkably;  this  is 
undoubtedly  owing  either  to  the  proportion  of 
the  principles,  or  their  clofenefs  of  connection  ; 
which  laft  opinion  is  confirmed,  by  obferving 
that  thofe  which  poflefs  the  phofphoric  quality 
in  the  moft  eminent  degree,  refift  the  three 
mineral  acids ;  fo  that  either  no  hepatic  odour 
or  heat  arifes,  or  at  lead  much  weaker  than  in 
the  others,  which  indicates  a  firmer  texture ; 
yet  all  that  refill  the  acids  are  not  found  to  be 
phofphoric.  This  difEculty  is  folved  by  the 
analyfis  of  the  pfeudo  galena  of  Scharfenbcrg, 
the  fcarcity  of  which  has  as  yet  prevented  the 
experiment  from  being  fufiiciently  varied.  The 
powder,  expofed  alone  to  fire  in  a  clofe  vcfTel, 
yields  a  filicecus  fubiimate,  fimilar  to  that  pro« 

disced 
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duced  by  mineral  fluor  and  vitriolic  acid.  The 
fluor  acid  is  therefore  prefent,  but  probably 
united  in  fuch  a  manner  to  the  metallic  bafe, 
that  it  cannot,  by  fire  alone,  be  expelled,  and 
generate  with  water  a  filiceous  earth. 

Marine  acid,  by  boiling,  difiblves  it,  when 
well  powdered,  almoft  entirely,  and  produces 
an  hepatic  fmell ;  for,  excluiive  of  the  fulphur, 
fcarce  more  than  0,0 1  remains,  which,  exami- 
ned by  the  blow- pipe,  appears  to  be  filiceous. 
In  100  the  zinc  forms  nearly  64,  w-on  5,  ful- 
phur  20,  water  6,  fluor  acid  4,  and  filiceous 
earth  i ; — ^nothing  calcareous  is  found. 

This  pfeudo  galena  is  lamellated,  yellow, 
and  femipellucid ;  but,  fituated  in  a  certain 
way,  with  refpeft  to  the  eye,  it  appe.^.rs  opaque, 
fomewhat  refembling  a  metal,  like  mofl  of  the 
others.  The  various  proportions  fecm  to  indU 
cate,  that,  in  this  inftance,  the  metals  prefent 
are  not  fully  calcined.  Fufed  with  microcof- 
mic  fait  by  the  blow- pipe,  it  throws  out  a  few 
flaflies,  almofl  like  that  of  Sahlberg,  which  was 
mentioned  among  the  Swedifli  pfeudo  galemc 
(§  il),  a  phaenomenon  which  can  hardly  be 
produced  with  calcined  zinc.  With  nitrous 
acid  it  produces  certain  vapours.  It  is  indeed 
true,  that  it  excites  a  very  fmall  detonation; 
for  the  firft  parcel  thrown  into  nitre,  well  fufed, 
occafions  nothing  but  an  effervefccnce ;  and  it 
u  not  until  the  fourth  or  fifth  addition  thai 

fparks 
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fparks  are  produced,  and  even  thefe  are  few. 
"^llie  Swedifh  pfeudo  galenae,  firft  examined, 
detonate  on  the  third  or  fourth  addition.  This 
difficulty  of  detonation  rather  points  out  the 
clofenefs  of  connection  in  the  inflammable  prin- 
ciple, than  a  deficiency  of  it ;  for,  on  the  fame 
ground,  we  might  difpute  the  prefence  of  ful* 
phur,  which  yet  is  mofl  certainly  prefent. 
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§  I.     Deftgn  of  the  Work. 

TH  E  man  who  firfl:  faw  a  metal  corroded 
by  a  limpid  mcnllruum,  in  fuch  a  man- 
ner that  a  body  fo  extremely  ponderous,  and  fa 
opaque,  fhould  gradually  and  entirely  difappear, 
and  afterwards,  upon  the  addition  of  a  fuitable 
precipitant  to  a  liquor  which  appeared  to  be 
fimple  and  homogenous,  faw  that  metal  fepa* 
rate,  and  again  come  into  view; — the  man,  I 
fay,  who  firft  faw  this,  mull  have  been  (truck 
with  adonifliment  and  admiration.  Perfons 
accuftomed  to  thefe  wonderful  phaenomena  ne- 
glect, perhaps,  too  much  the  accurate  invefti- 

gation 
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f^tion  of  them,  though  thefe  operations  are  of 
the  higheft  importance,  and  form  as  it  were  the 
v^hole  of  the  effective  part  of  chemiftry.  The 
phaenomena  of  this  kind  are  fo  various  and  fo 
intricate,  that  a  fmgle  volume  would  be  utterly 
infufBcient  for  examining  them  all :  We  (hall 
here,  therefore,  only  examine  fuch  as  relate  to 
the  feparation  of  metals  from  acids,  particularly 
with  regard  to  the  weight  of  the  precipitate. 
Weighing  is,  no  doubt,  a  mechanical  operation^ 
but  yet  is  of  Angular  fcrvice,  not  only  in  in- 
reftigating  the  properties  of  bodies,  but  in  di- 
refting  thofe  properties  to  their  proper  ufes. 
All  effefts  are  exaftly  proportioned  to  their 
caufes  ;  therefore,  unlefs  their  mutual  relations 
be  examined  by  accurate  trials,  theory  (of  con- 
feqacnce  the  whole  of  natural  philofophy)  muft 
be  lame  and  imperfect; 

That  we  may  the  better  underftand  the  na- 
ture of  precipitations,  we  fliall  briefly  examine 
the  phaenomena  of  metallic  folutions  in  ge- 
neral. 

§  II.     Examination  of  Metallic  Solutions. 

A  fmall  piece  of  a  metal  being  put  into  an 
acid,  is  taken  up  flowly  or  quickly,  with  vie- 
lence  or  gently,  according  to  the  various  nature 
•f  the  metal  and  the  menflruum. 

Z  a  (a)  A« 
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(a)  As  to  menftrua,  when  unafliftcd  by  bcat^ 
the  nitrous  acid  is  found  the  mod  powerful,  for 
much  fo  as  fometimes  to  exceed  the  bounds  re* 
quired ;  and  the  metal  diflblved  is  again  fepi^ 
rated,  unlefs  the  violence  of  this  acid  be  pro- 
perly tempered :  Yet  fometimes  the  nitrous  acid 
alone  has  no  effe£t,  as  is  the  cafe  with  goM  and 
platioa ;  but,  when  the  nitrous  is  united  with 
the  marine  acid,  the  folution  is  readily  eflfeded. 

The  vitriolic  acid,  though  very  highly  coit 
centrated,  yet  ads  more  weakly.  It  does  not 
attack  mercury  or  filver,  unlefs  when  boiling; 
and  gold  and  platina  elude  its  force,  evea 
though  boiled  to  drynefs. 

Marine  acid  ads  flill  more  weakly,  unlefiit 
be  dephlogidicated  (a) ;  in  which  ftate  it  dii- 
folves  all  metals  completely. 

The  other  acids,  as  the  fluor  acid,  the  acidf 
of  arfenic  and  borax,  and  all  thofe  obtained 
from  the  organized  kingdom,  are,  in  general^ 
inferior  in  folvent  virtue  to  the  preceding. 

(b)  With  refpeft  to  the  metals,  fome  arc 
very  eafily  diflblved,  others  not  without  great 
difficulty,  and  that  in  the  fame  menflruum. 
Zinc  and  iron  are  readily  diflblved  in  every  acid  j 
filver  eludes  the  marine,  and  gold  even  the  ni- 
trous acid.  Yet  thefe  metals,  which  in  their 
natural  (late  obftinately  refifl:  folution,  may  be 
made  folubic  by  depriving  them  of  a  proper 

proportion 
(a)  Nov.  Aa.  UpCa.  vol.  Ii. 
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proportion  of  their  inflammable  principle.  I 
exprefsly  mention  a  proper  proportion ;  for  ex- 
perience (hews,  that  iron,  and  particularly  tin, 
are  made  refradory  by  too  much  dephlogiftica- 
tkm ;  but  nothing  more  plainly  ihews  the  li- 
mits of  this  procels  than  manganefe,  which, 
when  calcined  to  blacknefs,  cannot  be  diflblved 
without  the  addition  of  fome  inflammable  mat- 
ter, but,  when  reduced  to  whitenefs,  diflblves 
in  all  adds  (&)• 

(c)  If  we  coniider  the  manner  of  the  folu- 
tion  with  accuracy,  we  fliall  find,  that  the  dimi« 
nution  of  complete  metals,  even  to  the  lafi  vifi. 
ble  particle,  is  accompanied  by  an  effervefcence  ; 
diat  is,  innumerable  air-bubbles  continually  rife 
from  the  furface  of  the  metals,  and  float  to  the 
furf&ce  of  the  furrounding  liquor.  Thefe  are 
the  more  frequent,  in  proportion  to  the  quick* 
neb  of  the  folution,  and  are  very  few,  and 
fcarcely  vifible,  when  it  proceeds  very  flowly. 

The  elaftic  fluid,  which  is  thus  extricated 
from  metals  by  nitrous  acid,  if  colle&ed  by  a 
proper  apparatus,  and  examined,  is  found  ^o  be 
nothing .  more  than  what  is  commonly  called 
nitrous  air  ;  but,  when  the  menflruum  is  con- 
centrated, it  abforbs  a  confiderable  quantity  of 
ibis  air.  By  means  of  vitriolic  acid,  inflam- 
mable air  is  obtained  from  zinc  and  iron,  as 

Z  3  alfo 

(f)  Sec  the  Treaiifc  on  the  white  Ores  of  Iron. 
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alfo  by  means  of  marine  acid ;  but,  from  th^ 
other  metals  diflblved  in  vitriolic  acid,  we  ol>^-« 
tain  another  fpecles  of  air,  called  vitriolic  aci^M 
air;  and,  by  the  marine  acid,  another  fimila^ 
to  the  former,   called  muriatic  air^  but  botfcp 
more  or  lefs  mixed  with  inflammable  air. 

(d)  Frequently,  during  the  folution  of  a  mcr 
tal,  heat  is  generated  in  the  liquor,  the  intenfi- 
ty  of  which  follows  the  compound  ratio  of  the 
bulk  of  the  mafs,  and  the  quicknefs  of  folu- 
tion ;  therefore,  when  the  mafs  is  very  fmall, 
and  the  folution  proceeds  very  flowly,  the  tem- 
perature fcarcely  fuiFcrs  any  alteration. 

(e)  The  calxes  of  metals,  during  folution, 
either  give  out  no  air  at  all,  or  elfe  the  aerial 
acid ;  unlefs  when,  after  being  evaporated  to 
drynefs,  they  are  urged  by  a  violent  heat  almoft 
to  ignition;  for  in  this  ftate,  by  means  of  vitri- 
olic or  nitrous  acid,  they  give  out  a  portion  of 
pure  air,  which  cannot  be  got  by  means  of  ma- 
rine  acid.     According  to  circumftances,  a  vi- 

.  triolic  or  nitrous  air  is  alfo  fometimes  produ- 
ced, and  even  that  fpecies  which  is  commonly 
called  phlogifticated  air. 

(f)  Various  metals,  when  diffblved,  impart 
certain  determined  colours  to  their  menftrua; 
fuch  are  gold,  platina,  copper,  iron,  tin,  nickel, 
and  cobalt :  The  reft,  if  properly  depurated, 
yield  no  tinge.  A  folution  of  filver,  at  firft,  is 
fometimes  of  a  blue  or  green  colour,  although 

thpc 
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ihere  be  no  copper  prefent.  The  vitriolic  acid 
grows  blue  with  copper ;  the  nitrous  may  be 
made  either  blue  or  green  at  pleafure ;  the 
marine  varies  according  to  the  quantity  of  wa- 
ter with  which  it  is  diluted.  Manganefe,  when 
too  much  dephlogifticated,  renders  both  the 
vitriolic  and  marine  acids  purple. 

§  HI.     Explanation  of  ilje  above  mentioned  Phae^ 
nomena. 

At  prefent,  no  one  can  reafonably  doubt  that 
folution  is  the  effect  of  attraction ;  we  may 
therefore  lay  that  down  as  a  fundamental  pro- 
pofition,  and  proceed  to  illuftrate  (in  the  belt 
way  we  are  able)  the  more  remarkable  circum- 
(lances  of  the  operation,  confidering  it  not  in  a 
general  view,  but  merely  as  it  regards  metals. 

Upon  attentive  confideration,  it  readily  ap- 
pears, that  "  no  metal  can  he  taken  up  by  an  acid^ 
*'  and^  at  the  fame  time^preferve  the  whole  quantity 
**  of  pblogi/lcn  which  was  neceffary  to  it  in  its  me-^ 
*'  tallicflate.^^  A  certain  proportion,  therefore, 
of  the  principle  of  inflammability  may  be  confi- 
dered  as  an  obftacle,  which  mud  be  removed 
before  folution  can  take  place.  Let  us  fee  now 
how  this  dodrine  will  apply  to  the  more  remark- 
able phaenomena  feparately  confidered. 

(a)  Of  all  the  acids  the  nitrous  attrafts  phlo- 

gifton  the  moll  powerfully,  and  feparates  evei> 

Z  4  from 
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from  the  vitriolic  acid.  If  this  be  doubted,  let 
fulphur  be  flowly  boiled  in  concentrated  nitroot 
acid,  at  length  all  its  phlogifton  will  be  fouiMl 
Separated,  and  the  vitriolic  acid  will  remain  de- 
prived of  its  principle  of  inflammability.  The 
extraordinary  folvent  power  of  this  acid,  thae- 
fore,  is  conformable  to  the  peculiarity  of  its  sa^ 
tare  in  this  refpefi; ;  for  this  menftruum  adapts 
metals  for  folution  with  the  greatefl;  eafe,  moft 
commonly  without  any  affiftance  from  external 
heat,  which,  in  fome  inftances,  would  be  hurt- 
ful, by  feparating  too  much  of  the  phlogiftoD. 
This  lafl  cafe  is  fufficiently  illuftrated  by  iron, 
tin,  and  antimony,  all  which  may  be  fo  far  d^ 
prived  of  phlogifton  as  to  be  very  diflicultly  b- 
luble  in  acids  ;  it  is  therefore  not  unfrequemljf 
necefTary  to  temper  the  adivity  of  this  men^ 
flruum  by  water. 

The  vitriolic  acid  does  not  aft  upon  filver  or 
mercury,  unlefs  when  boiling ;  for,  by  means 
of  the  heat,  the  watery  part  of  the  acid  is  di- 
miniflied,  its  power  is  thereby  increafed,  and 
the  connexion  of  the  inflammable  principle  with 
the  metallic  earth  is  diminiflied. 

Marine  acid,  which  contains  phlogifton  as 
one  of  its  proximate  principles,  muft  neceflarily 
have  but  little  or  no  effeft  on  thofe  metals 
which  retain  their  principle  of  inflammability 
very  obftinately  ;  but,  when  boiling,  its  watery 
part  is  diminiftied,  and  it  aflumes  the  form  of 

an 
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an  aerial  daftic  fluid,  in  which  ftate  it  powef«« 
fiilly  attrads  a  larger  proportion  of  phlogifhrn 
than  before ;  but,  when  dephlogifticated,  it  at* 
trads  phlogifton  with  prodigious  aridity,  readi<< 
ly  attading  all  metals,  and  rendering  them  £>• 
hible  by  the  abftra&ion  of  their  phlogifton, 
which  it  unites  to  itfelf,  and  refumes  the  ordi<* 
nary  form  of  marine  acid*  This  add,  when  de- 
pihlogifticated  in  aqua  regis  by  means  of  the  ni« 
trous  acid,  diflblves  gold  and  platina« 

Upon  this  principle  we  can  eafily  account  for 
die  inferiority  of  power  in  the  other  adds. 

(b)  As  to  the  metals,  they  retain  their  phlo- 
gifton  with  very  unequal  degrees  of  force :  A 
few  of  them,  which  are  called  the  perfect  me* 
tals,  effedually  refiit  calcination  in  the  via  fie* 
tdi.  In  this  operation,  on  the  one  hand,  the 
fire,  which  wonderfully  increafes  the  volatility 
of  bodies,  ilrenuoufly  endeavours  to  expel  the 
phlogifton,  which  certainly  is  the  lighteft  of  all 
material  fubflances  ;  on  the  other,  the  portion 
df  pure  air  which  occurs  in  the  furrounding  at- 
ciofphere,  attrafts  the  phlogifton  flrongly.  Ex- 
perience, however,  fliews,  that  thefe  two  forces 
united  cannot  decompofe  gold,  platina,  or  fil. 
ver,  to  any  confiderable  degree :  All  the  other 
metals  yield  to  thefe  forces  when  united,  but 
not  fingly.  Iron  and  zinc  retain  their  inflam- 
mable principle  fo  flightly,  that  any  acid  imme- 
diately afts  upon  them  ;  but  if,  by  dry  calcina- 
tion. 
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levity,  and  chace  one  another  from  the  kftnl 
points  of  the  metaL  The  nitrous  acid  latunttes 
itfelf  with  phlogifton  more  greedily  than  the 
vitriolic ;  and  therefore  the  elaftic  fluid  does 
ikbt  unite  with  water,  and  retains  fcarcdy  aoj 
veftige  of  an  acid  nature.  Synthetical  ob&r- 
vations  agree  perfedlly  with  analyiis ;  for,  n^ 
6n  the  accefs  of  pure  air,  which  poflTefles  a  ftiB 
greater  attradion  for  phlogifton,  the  acid  yields 
ing  it  up,  immediately  reaflumes  its  origimi 
form  and  properties  ;  but  the  nitrous  air  dif- 
fers fomewhat  from  the  vitriolic  alfo  in  this  re- 
fpcGty  that  the  phlogifton  is  not  only  abforbed, 
fb  far  as  to  obliterate  the  acid  nature,  but  erea 
beyond  that  point.  This  I  am  convinced  of  bf 
many  experiments,  one  of  which  will  be  fufi> 
cient,  namely,  the  decompofition  (c)  of  hepatic 
air  by  means  of  nitrous  air. 

The  marine  acid  exhibits  different  phaeno- 
mena :  This  acid  contains  phlogifton,  and,  by 
its  means,  can  be  refolved  into  an  elaftic  fluid, 
called  muriatic  air,  which  is  permanent  fo  long 
as  it  is  kept  from  the  contact  of  water ;  but, 
like  the  vitriolic,  upon  the  accefs  of  water  it  rc^ 
affumes  the  form  of  marine  acid.  As  this  acid 
naturally  contains  phlogifton,  there  is  no  ne- 
ceflity  for  an  addition  :  In  the  mean  time,  this, 
in  the  fame  manner  as  nitrous  air,  when  in  its 

expanded 

(c)  Se^  Treatife  on  the  Ores  of  Zinc,  §  ix.  i. 
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e):panded  ftate,  attrads  a  ftill  larger  proportioQ 
of  phlogifton,  and  that  with  wonderful  avidity^ 

When  the  natural  quantity  of  phlogifton  is 
diminifhed,  the  marine  acid  yields  another  ela* 
fik  fluid  of  a  reddiih  brown  colour,  poflefling 
the  peculiar  odour  of  warm  aqua  regia.  This 
does  not  unite  with  water,  or  but  in  an  exceed- 
ing fmall  quantity ;  and,  upon  the  addition  of 
a  due  quantity  of  phlogifton,  may  be  again  re- 
duced to  marine  acid.  The  experiments  made 
on  the  black  calx  of  manganefe,  and  on  white 
arfenic  {d)j  which  I  have  often  repeated,  and 
carefully  weighed,  I  confider  as  indubitable 
evidences  of  this  connefbion.  Whether  the  ma- 
rine acid  can  by  any  other  than  thefe  two  me- 
diods  be  dephlogifticated,  I  am  as  yet  ignorant. 

The  fluor  acid  abounds  with  phlogifton,  and 
therefore  may,  without  any  adventitious  matter^ 
be  reduced  to  an  elaftic  fluid.  This  air  is  eaii- 
ly  diftinguiflied  from  all  others,  as,  when  hot, 
it  corrodes  glafs. 

Vinegar  alfo  naturally  contains  phlogifton  ; 
and,  for  that  reafon,  when  well  dephlegmated^ 
can  produce  an  elaftic  vapour,  which  is  called 
4fcetous  air. 

All  thefe  elaftic  fluids  feem  to  be  nothing 
more  than  the  acids  themfelves,  expanded  by 
phlogifton.  Perhaps  the  matter  of  heat  alfo 
enters  into  their  compoiition. 

This 

{J)  Nov.  Aa.  UpCil.  vol.  12. 
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This  is  alfo  the  cafe  with  cauftic  volatile  at^ 
kali,  which  yields  the  alkaline  air. 

Finally,  among  t^iofe  elaftic  fluids,  the  com- 
pofition  of  which  we  are  acquainted  with,  wt 
may  place  the  hepatic  air^  in  which  we  have  dc- 
itionftrated  fulphur  (e)  united  with  the  matter 
of  heat,  by  the  intervention  of  phlogifton. 

The  origin  of  the  other  elaftic  fluids  is  as  yet 
fo  involved  in  darknefs,  that  we  can  fcarccly 
cftablifli  any  thing  certain  with  regard  to  them : 
Thefe  are  of  four  kinds  ;  ^nd,  in  conformity 
with  the  received  opinion  concerning  their  pro- 
perties, are  called yfx^t/  air^  fhlogijiicated  air^  dt* 
fhlogi/licated  air^  and  inflammable  air. 

Of  the  firft,  I  think  it  is  evidently  demon- 
ftrated  to  be  of  a  peculiar  nature,  and  always 
acid.  Dr  Prieftley  confiders  it  only  as  a  modi- 
fication of  nitrous  acid ;  nay,  he  urges  that  the 
vitriolic  and  nitrous  acids  are  no  more  than  va- 
rieties of  the  fame  fubftance.  This  point  I  will 
not  abfolutely  deny  ;  but  the  foundation  on 
which  thefe  aflertions  reft,  feems  to  me  to  be 
very  infufEcient,  Thus,  in  the  preparation  of 
aether  by  vitriolic  or  nitrous  acid,  he  obtained 
a  confiderable  quantity  of  fixed  air,  which  he 
afiirms  to  have  been  generated  during  the  ope- 
ration ;  but  we  muft  obferve,  that  a  large  pro- 
portion of  fpirit  of  wine  enters  into  this  pre- 
paration* 

(e)  Trcatifc  on  the  Ores  of  Zinc,  §  it.  x. 
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paration.  Now,  we  find  that  fixed  air  abounds 
almoft  every  where  throughout  all  organized 
bodies  ;  why  then  fhould  fpirit  of  wine,  which 
owes  its  origin  to  vegetables,  be  fuppofed  en- 
tirely void  of  it  ?  As  this  is  very  volatile,  it  is 
only  in  a  clofe  veffel  that  it  remains  entire,  and 
eludes  the  force  of  fire ;  but,  when  hot,  it  gives 
off  the  fixed  air :  Befides,  by  the  addition  of  the 
ftronger  acid,  its  texture  is  broken,  and  the  fub- 
tile  acid,  which  before  was  latent,  now  breaks 
forth.  Add  to  this,  that,  whether  vitriolic,  ni- 
trous, or  marine  acid,  or  even  vinegar,  be  ufed 
in  the  preparation  of  aether,  aerial  acid  is  pro- 
duced. Either,  then,  the  aerial  acid  is  com- 
mon to  all  the  acids,  (which  is  by  no  means 
confirmed),  or  it  is  derived  from  the  decompo- 
fition  of  the  fpirit  of  wine  ;  otherwife  I  acknow- 
ledge, that  the  conjedure  of  fixed  air  origina- 
ting from  nitrous  acid,  does  not  appear  impro- 
bable ;  of  which  we  ihall  fay  more  hereafter. 

That  fpecies  of  air  which  is  indifpenfably  ne- 
ceflary  for  the  fupport  of  flame,  and  for  animal 
refpiration,  is  generally  called  dephlogi/iicated. 
This  air,  united  with  a  certain  quantity  of  phlo- 
gifton,  conflitutes  the  matter  of  heat,  as  Mr 
Scheele  has  demonft rated  by  a  long  train  of 
experiments,  the  chief  of  which  I  have  repeated 
with  the  fame  fuccefs.  Setting  thi>  down  as  a 
principle,  let  us  fee  what  alterations  fuch  air  is 
liable  to.     The  purcft  air  of  this  kind  which 
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can  be  got»  cannot  be  rendered  unfit  for  the 
fupport  of  inflammation  or  re^iration,  either 
by  flame,  by  nkrous  air,  by  eledrical  fparks,  or 
any  other  of  thofe  operations  by  which  we  cer- 
tainly know  pblogiflon  to  be  fet  at  liberty ;  yet 
it  contracts  in  dimenfion,  and  is  at  length  eo^ 
tirely  confumed,  and  that  in  fuch  a  manner, 
that,  united  with  the  phlogifton,  it  forms  the 
matter  of  heat,  and,  being  utterly  incoeri^^k, 
pervades  all  manner  of  veflels.     A  very  elegant 
appearance  may  be  produced  by  this^  air ;  htp 
if  a  piece  of  wood,  or  a  candle  newly  extio* 
guifiied,  be  put  into  a  bottle  containing  it,  pro- 
vided the  fmallefl  particle  remains  ignited,  a 
flame  is  inftantly  kindled  with  a  bright  contf* 
cation,  and  as  it  were  explofion.     This  flame  it 
difiufe  and  decrepitates,  and  the  eye  can  fcaree- 
ly  bear  its  fplendour.     When  this  experiment 
is  performed  in  an  inverted  veflel,  the  orifice  of 
which  is  kept  beneath  mercury,  it  is  evidently 
feen,  that  almofl:  the  whole  of  the  air  dilap* 
pears ;  the  remainder  amounts  to  -g-,  ^,  nay, 
fometimes  fcarcely  forms  0,0 1  of  the  original 
bulk ;  and  this  refiduum  confifts  partly  of  aeri- 
al acid,  and  partly  of  air  unfit  for  fuftaining 
flame,  or  being  fubfervient  to  refpiration,  which 
had  been  originally  mixed  with  the  pure  air. 

The  fame  thing  takes  place  on  the  admixture 
of  dephlogifticated  and  nitrous  air ;  fometimes 
fcarcely  any  remains,  fometimes  ~  of  the  bulk, 

but, 
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bat,  in  general,  much  more.    The  variations 
in  the  quantity  of  the  refiduum  are  fuffident  to 
Ihew  the  diflPerent  degrees  of  dephiogifticadon, 
or  (which  is  the  fame)  the  diflPerent  degrees  of 
purity  of  the  air.    This  purity  may  be  account- 
ed for  in  three  diflPerent  ways ;  for,  either  all 
its  particles  may  be  of  the  fame  nature  with  the 
whole,  or  a  certain  number  of  exceeding  pure 
puticles  may  be  mixed  with  a  determined  quad* 
tity  of  fuch  as  are  very  impure ;  or,  finally,  the 
different  particles,  being  each  endowed  with 
4dietr  own  peculiar  degree  of  goodnefs,  compofe 
«  mafii  of  an  intermediate  nature.     Each  of 
thefe  cafes  may  occafionally  take  place ;  but,  in 
mtf  ai^rehenfion,  the  lafl  feems  to  be  more  con- 
fomable  to  the  ufual  order  of  nature.    With 
vfyeGi  to  the  explanation  of  the  phaenomena, 
Aey  all  apply  equally ;  but,  as  the  fecond  ap* 
1  yem  to  be  the  mod  fimple,  I  choofe  that.    Let 
lu  now  fuppofe  the  perfeft  nitrous  air  ('which, 
«p<m  the  lofs  of  phlogiilon,  is  all  refolved  into 
,    aitfous  acid)  mixed  to  the  point  of  faturation 
-~%ith  dephlogiflicated  air,  then  all  the  elaftic 
Said,  which  had  been  confined  by  the  glafs,  dif- 
^kjppears,  by  generating  heat,  and  penetrating  the 
VeOel.     This  takes  place  if  the  dephlogifticated 
litfr  be  perfeftly  pure  ;  if  not,  the  refiduum  will 
^Ketermine  the  degree  of  its  impurity.    Upon 
idns  principle,  the  befl  common  aerial  air  is  faid 
*      Vot.  IL-  A*  to 
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to  contain  of  dephlogifticated.air  ^,  and  the 

It  is  probable  that  good  may  be  convened 
into  noxious  air ;  this  mud  be  owing  either  to 
the  abftradion  of  fomething  Arom  the  maft,  or 
the  addition  pf  fome  heterogeneous  niatter  to  it* 
The  ablefl:  philofophers  haye,  by  unanimous 
confent,  determined  the  latter  to  be  the  cai^ 
and  confider  phlogifto^  as  the  caufe  of  this  cor- 
ruption. Hpwever,  let  us  for  9  minute  ^Bravj: 
thefe  ppinion$,  how  refpefElable  foever,  and  can- 
didly inquire  into  the  truth  of  the  fafl,  at  d^ 
^me  time  beggi|ig  pardon  for  the  bol^neft  of 
pur  2^tten}pt. 

Let  us  examine  thqfe  procefles  by  whi^t 
phlogiftication  H  performed :  Let  us  fujqmfe  ft 
lighted  candle  fet  cautiously  in  air  of  abfolutf 
goodnefs,  we  ihall  fee  an  exceeding  vivid  flam^ 
and  the  candle  will  be  confumed  with  extraoi^ 
dinary  fwiftnefs,  until  a  fmall  portion  of  air  re- 
mains, which  exhibits  the  properties  of  aeri^J 
acid,  proceeding  doubtlefs  from  the  tallow,  io- 
to  the  compofition  of  which  that  acid  enters  in 
great  quantity.  The  phlogifton,  being  fet  U 
liberty  by  the  combuftion,  is  feized  by  the  pure 
air,  is  converted  into  heat,  and  penetrates  the 
yeffels ;  and  hence  the  diminution  of  bulk  which 
is  obferved.  If,  at  firft,  there  had  been  more 
or  lefs  of  air  unfit  for  fuftaining  flame,  that  air 
^ill  be  in  the  end  left  behind  entirely  unchan- 
ged, 
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ged,  together  with  the  aerial  acid  ;  but,  in  this 
cafe,  the  diminution  of  bulk  will  be  Ids. 

We  have  already  explained  the  mode  of  ope- 
ration  of  the  nitrous  air. 

Let  a  mixture  of  tin,  lead,  and  bifmuth,  which 

melts  by  the  heat  of  boiling  water,  be  fufed  in 

a  clofe  glafs  vellel,  the  air  which  is  included 

will  be  diminifhed  in  proportion  to  its  good- 

»  neb ;  and  if  this  be  abfolutely  pure,  a  propor- 

r   tioiial  quantity  of  the  metal  will  be  entirely  cal- 

'    chied,  and  the  whole  of  the  elaftic  fluid  will 

;•  dilappear. 

^       Eledrical  fparks  are  fmall  flames,  which  in- 

I  dicate  the  extrication  of  phlogifton,  and,  at  the 

V  fimie  time,  generate  heat. 

?        All  thefe  phaenomena  concur  in  fliewing  that 

pore  air  acquires,  by  phlogiftication,  fo  great 

a  degree  of  fubtlety,  that  it  cannot  be  confined 

in  glafs  veflels,  nor  be  any  longer  infpired  j 

but  no  noxious  air  is  produced.     Now,  if  a  fi- 

milar  phlogiftication  took  place  on  refpiration, 

a  iimilar  diminution  of  bulk  would  alfo  be  ob- 

ferred,  which  is  contrary  to  experiments  the 

iQpft  accurate.     Mice,   when  included  in  air 

confined  by  mercury,  and  fufiered  to  die  there, 

do  not  occafion,  in  general,  a  diminution  of  air 

equal  to  YToi  ^  '^^^  which  is  doubtlefs  owing  to 

the  fmall  portion  of  air  expelled  by  the  heat  of 

the  animal  at  its  firft  introduQion.     A  very 

different  operation  feems  therefore  to  be  per- 

A  a  3  formed 
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formed  in  the  procefs  of  refpiratlon,  from  that 
ivhich  is  carried  on  during  deflagration ;  per* 
haps  the  air  rather  conveys  phlogifton  to  the 
)ungs  than  takes  it  away.     From  whence  does 
a  pine,  growing  in  the  dryeft  fand,  receive  its 
oily  matter,  is  it  not  from  the  air  ?  Such  ani- 
mals as,  by  manducation,  mix  a  large  quantky 
of  air  with  their  food,  are  obferved  to  grow  iat 
in  an  extraordinary  degree.    But  we  (hall  wave 
thofe  arguments  drawn  from  analogy,  and  pro- 
ceed to  fuch  as  are  more  direft : — ^The  air  in 
which  flame  is  extinguiflied,  can  be  breatbo) 
almoft  as  long  as  aerial  air;  neverthelefs,  du* 
ring  deflagration,  phlogifton  is  copioufly  evd' 
ved,  and  by  it  the  pure  air  is  fitted  for  eica? 
ping  through  the  veflels,  but  is  not  vitiated, 
which  it  always  is  by  refpiration.     Frefh  blood| 
when  agitated  in  pure  air,  does  not  diminifh  its 
bulk,  but  renders  it  unfit  for  fupporting  flame. 
But,  if  the  difcharge  of  phlogifton  from  the 
lungs  was  fo  indifpenfibly  necelFary  as  the  mo- 
derns aflert,  undoubtedly  inflammable  air  would 
be  the  moll  noxious  of  all ;  neverthelefs,  the 
celebrated  Mr  Schcele  had  courage  to  make 
the  experiment,  and  to  infpire  air,  extricated 
from  iron  by  vitriolic  acid,  no  lefs  than  30  luc- 
ceflive  times.     After  this,  its  bulk  was  found 
the  fame  as  before ;  and  its  inflammability  not 
only  deftroyed,   but  its  nature  fo  changed,  that 
it  extinguiihcd  flame.     I  have  myfelf  repeated 

iih 
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IS  remarkable  experiment  with  the  fame  fuc- 
fs,  except  that  I  was  not  able  to  iafpire  above 
enty  times. 

Hence  it  appears,  at  lead,  that  p!«logifton 
ly  be  abforbcd  by  the  lungs  without  any  con- 
erable  danger.  I  acknowledge,  that  fmall 
imals,  when  inclofed  in  this  kind  of  air,  foon 
rifli ;  but  this  does  not,   in  my  judgment,  at 

tend  to  (hew,  that  the  inflammable  principle^ 
mote  fimple  combinations,  cannot  be  inno* 
at,  or  even  falutary  and  neceffary  to  the  ani- 
il  oeconomy.  When  we  confider  the  prodi- 
>as  quantity  of  this  fubtile  principle,  which 
found  in  all  organized  bodies,  the  powerful 
cGts  which  the  proportion  of  its  quantity  pro- 
iccs  in  the  formation  of  different  fubftances^ 
t  (hall  foon  fee  the  neceflity  of  continually 
pairing  the  lofs  of  phlogiilon  which  the  blood 
Bfers  during  circulation  fro:n  the  feveral  fe- 
stions.  Let  the  fagacious  obfervers  of  nature 
amine  carefully  this  problem ;  let  them  de- 
2  and  execute  fuitable  experiments,  and  I 
ft  that  this  material  point  will  foon  be  de- 
nined.     In  the  mean  time,  fince  all  organi- 

bodies  are  incapable  of  flourifliing,  or  even 
exiding,  without  good  air,  we  mud  take 
^e  to  call  this  dir  gocd^  or  rather /r/r^,  until 
dephlogifticated  date  is  evince4  by  uncon- 
vertible arguments ;  and  to  call  that  air  vi- 
'fd  which  is  ufually  called  fhlogi/iicatedj  as  it 
A  a  3  bbottrs 
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labours  perhaps  rather  under  a  deficiency  thac 
a  fuperabundance  of  phlogifton. 

I  fliall  here  briefly  explain  a  theory  of  aeri- 
form fubftances,  fome  circumftances  of  which  I 
hinted  in  an  oration  before  the  Royal  Acade- 
my of  Sciences,  in  1777.     Some  of  thefe  cir- 
cumftances have  fince  appeared  to  me  eftablifh- 
cd  beyond  doubt,  and  others  of  them  only  pro* 
bable,  but  yet  to  be  fuch  as  agreed  well  to- 
gether, and  are  at  leaft  worthy  of  a  more  ac- 
curate examination.    Whether  the  confequence 
of  this  examination  be  to  eftabliOi  or  to  over- 
throw them,  natural  philofophy  will  be  enrich- 
ed; and  I  will  not  fpare  them  myfelf,  if,  by 
new  experiments,  I  (hall  difcover  them  to  be 
falfe.     In  the  mean  time,  I  hope  that  a  curfory 
account  of  them  will  give  occafion  to  decifive 
experiments. 

The  celebrated  Dr  Prieftley  has  (hewn,  by  a 
multitude  of  experiments,  that  de^hlogifticatcd 
air  may  be  extricated  from  almoft  all  bodies, 
by  means  of  nitrous  acid.  He  has  alfo  (hewn, 
that  this  air  is  found  occafionally  more  or  left 
mixed,  fometimes  with  aerial  acid,  fometitnes 
with  nitrous  air,  fometimes  with  that  elaftic 
fluid  which  is  called  phlogifticated  air,  feme* 
times  with  all  of  them  together,  yet  fo  difpofed 
that  they  generally  exhibit  themfelves  in  vari- 
ous order  ;  fo  that  from  the  fame  mixture,  tr 
pofcd  to  fire  in  different  veffels,  fometimes  one 

of 
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of  tfaefe  fluids  will  appear  firft,  fometimes  in« 
termediate,  and  fometimes  lad.  He  has  fliewn 
that  nitrous  acid  is  very  greedy  of  phlogifton  j 
and  that  it  is  wonderfully  diverfified  by  the  va* 
riety  of  quantity  and  conneftion  of  this  prin* 
cipie.  I  fuppofe  it  is  well  known  that  a  large 
proportion  of  phlogifton  in  a  body  renders  it^ 
in  general,  immifcible  with  water,  &c. 

May  not  J  tbenforey  the  nitrous  acidy  by  a  cer* 
tain  quantity  of  phlogi/ion.^  be  converted  into  aerial 
acid — the  phlogifton  imparting  to  it  elafticity  '■ 
and  levity,  weakening  its  acidity,  increafing  its 
attradion  for  abforbent  earths,  and  changing 
itt  former  properties,,  or  creating  new  ? 

May  not  its  acidity  be  fo  Jar  reprejfed  by  aftiU 
greater  quantity  of  pblogijlon^  that  it  will  elude 
our  examination^  refufe  to  unite  with  water,  be 
neither  eafily  deprived  of  its  phlogifton,  nor 
any  further  loaded  with  it ;  being  unfit  for  ref- 
piration  by  its  obftinace  retention  of  phlogifton^ 
and  for  the  fuftaining  of  flame,  by  its  being  no 
longer  able  to  take  up  more — thus  gefterating 
that  fpecies  of  air  which  is  called  phiogiftica« 
ted? 

May  it  notj  byjsn  abundant  ^ntity  rf  pbU^ 
pfton^  be  perfeSly  mitigated^  and  fo  become  uftful 
boib  to  flame  and  refpirationi  Thence,  on  the 
one  hand,  by  any  further  increafe  of  the  in- 
flammable principle,  it  becomes  fo  fubtili- 
lEed  as  to  generate  heat,  and  thiis  fuftains  fire 
Aa  4  an^ 
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and  flame,  in  which  ftate  it  pervades  all  vefiels; 
and,  on  the  other  hand>  by  any  further  dinu- 
nution  of  that  principle,  or  (if  we  may  ufe  the 
expreflion)  a  determinate  calcination,  retumiag 
occafionally  to  the  ftate  of  phlogifticated  air  or 
aerial  acid.     Animals  provided  with  lungs  are 
lefs  able  to  dephlogifticate  this  air   than  thofe 
which  breathe  through  fpiracula,  or  than  vege- 
tables ;  the  former  converting  it  into  phlogifti* 
cated  air,  the  latter  (/)  into  aerial  acid.     The 
experiments  which  have  hitherto  been  inftituted 
in  another  way  (hew  a  very  different  effed  of 
vegetation  upon  air ;  but,  if  I  am  not  miftaken, 
the  caufe  of  the  difference  depends  upon  the  di- 
verfity  of  circumftances.     We  know  that  vege- 
tables languifl),  grow  tranfparent,  and  lofe  their 
colour  in  the  dark ;   but,  when  thus    vitiated, 
are  fpeedily  reftored  by  the  rays   of  the  fun. 
Light  confifts  of  the  matter  of  heat,  with  an 
excefs  of  phlogifton;  this  excefs  is  firft  abfor* 
bed,  and  afterwards  by  degrees,  though  with 
more   difficulty,    the  phlogifton   itfelf,    whidi 
conftitutes  the  matter  of  heat,  is  feparated ;  for 
no  vegetation  can  proceed  without  heat :  And 
by  this  procefs  the  other  principle,  the  pure  air, 
h  fet  at  liberty.     Therefore,  according  to  the 
inequality  m  the  degrees  of  heat,  according  to 

the 

(/)  Mr  Schecle  found  that  good  air  was  gradualif 
eonverted  into  aerial  acid  bj  infers  or  vegetables  ia- 
duded  ia  it. 
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the  different  pofition  of  the  vegetables  with  re* 
fpeft  to  light,  according  to  their  different  pow- 
er in  decompofing  light  and  heat,  diiEmilar  ef* 
feSs  muft  neceffarily  take  place.— Even  water 
itfelf,  which  appears  fo  fimple  and  homogene* 
ous  a  fubftance,  frequently  contains  invifible 
organized  bodies,  which,  when  operated  upon 
by  the  fun's  light,  by  their  vegetation  produce 
the  fame  decompofition,  and  generate  pure  ah** 
If  the  varieties  of  noxious  air  can  be  render- 
ed wholefome  by  agitation  in  water,  (which  I 
confefs  I  have  not  yet  examined  with  due  accu- 
racy), according  to  our  hypothefis  all  the  varie- 
ties, except  inflammable  air,  fhould  be  loaded 
with  phlogifton  during  the  operation.  It  is 
known  that  water  always  contains  a  portion  of 
pure  air  (g) ;  and  daily  experience  ftiews,  that 
air  difperfed  through  water  may,  by  continued 
agitation,  be  again  collefted,  efpecially  with 
the  help  of  a  little  heat.  Do  not  the  emenda- 
tions of  air  depend  upon  this?  Water  deprived, 
by  boiling,  of  its  air,  fpontaneoufly  recovers  it 
when  expofed  to  the  open  air  :  But  water  is 
not  fluid  without  the  afliftance  of  heat,  and  to 
that  end  it  requires  a  degree  equal  to  72"*  (A). 
I  can  fcarcely  believe  that  the  matter  of  heat 
undergoes  any  decompofition  during  the  agita- 
tion ;  but  if  that  fhoukl  fo  happen,  an  air  being 

prefent 
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57«       OF  METALLIC  t^RfeCIPITAfESi 

prefent  which  wants  phlogifton,  a  double  fource 
of  pure  air  will  occur ;  the  one  by  its  fupera- 
bundant  phlogifton  correding  the  noxious  air, 
the  other,  by  the  extrication  of  phlogifton,  fct- 
ting  free  the  pure  air  which  had  before  entered 
into  the  compofition  of  the  matter  of  heat. 

But  it  is  not  yet  fufEciently  clear  what  rank 
in  this  order  is  to  be  afligned  to  the  nitrous  air: 
It  abounds  with  a  larger  quantity  of  phlogifton^ 
perhaps,  than  the  aerial  acid,  but  more  weakly 
united,  on  account  of  the  moifture  which  the 
celebrated  Fontana  has  fliewn  to  enter  its  com- 
pofition. Here,  too,  we  are  at  a  lofs  for  the 
reafon  why  pure  air,  already  loaded  with  phlo- 
gifton, is  yet  able  to  defpoil  the  nitrous  acid  of 
that  principle. 

Inflammable  air  is  undoubtedly  charged  vitb 
abundance  of  the  principle  of  inflammability) 
but,  in  other  refpefts,  its  compofition  is  very 
obfcure.  On  the  one  hand,  it  cannot  exift  in 
a  perfeft  ftate  in  bodies  before  its  reparation, 
as,  if  that  was  the  cafe,  it  could  be  extricated 
even  by  nitrous  acid;  nor,  on  the  other,  does 
it  feem  to  require  the  admixture  of  any  pan!- 
cular  acid  ;  for  it  is  extricated  from  iron  equal* 
ly  by  the  vitriolic  and  the  marine,  and  even  by 
any  acid,  except  that  of  arfenic,  and,  what  is 
moft  of  all  to  the  purpofe,  without  the  afliftance 
of  any  acid  menftruum  whatever,  but  merely 
by  a  proper  degree  of  heat.     It  is  reduced  by 

refpiratioo 
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M%intion  to  a  Titiated  air.  If,  therefore,  the 
abore  theory  be  agreeable  to  truth,  the  prin* 
ciple  of  it  ought  to  be  found  in  the  nitrous 
add  ;  but  as  pure  air,  on  the  accefs  of  a  great* 
cr  quantity  of  phlogifton,  conftitutes  the  mat- 
ter of  heat;  and  that  which  is  called  inflam- 
mable air  feems  to  exceed  the  pure  in  quantity 
of  phlogifton,  yet  does  not  thereby  acquire  fub- 
tiety  enough  to  penetrate  glafs;  there  exifts, 
perhaps,  in  this  cafe,  fome  peculiar  connection: 
For  we  caimot  eafily  conceive  that  the  bare  in- 
creafe  of  phlogifton  can  render  the  texture  of 
its  parts  too  grofs  to  pafs  the  pores  of  the  glais : 
We  muft,  however,  confefs,  that  fulphur,  which 
u  perhaps  more  loaded  with  phlogifton,  is 
much  denfer  than  vitriolic  acid.  Yet,  although 
inflammable  air  diflblves  fomewhat  of  the  me- 
tal, carries  it  up,  and  after  depofits  it  in  water, 
we  cannot  properly  conclude  that  the  metal  is 
neceflary  to  its  compofttion.  In  like  manner, 
other  heterogeneous  matters  may  be  mixed  by 
folution  with  the  other  aeriform  fluids,  and  af- 
terwards removed  without  injuring  the  proper- 
ties of  the  fluids. 

Nature  proceeds  by  infenfible  gradations; 
but  it  is  not  in  our  power  to  follow  her  dofe* 
ly,  being  only  capable  of  diftinguifliing  the 
more  remarkable  fteps.  There  is  no  doubt  but 
other  daftic  fluids  form  intermedia  between 
thofe  that  we  are  acquainted  with ;  of  this  we 

are 
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iare  the  more  confident,  as  we  know  for  certain^ 
that  pure  air,  nitrous  air,  and  inflammable  air, 
are  not  always  procured  of  the  fame  degree  of 
virtue  and  efficacy. 

If  this  theory,  gathered  from  fuch  phaeno* 
knena  as  are  at  prefent  known,  be  true,  it  wiO 
not  be  difficult  to  underfland  the  generation  of 
nitre  upon  the  furface  of  the  earth ;  the  inimi- 
cal nature  of  aerial  acid,  with  regard  to  refpi- 
ration,  above  all  other  noxious  fluids,  a  proper- 
ty by  which  it  is  capable,  when  taken  into  th^ 
lungs,  of  deftroying  as  it  were  the  original  fta- 
mina  of  the  animal  machine,  and  many  other 
circumftances  hitherto  involved  in  impenetrable 
darknefs. 

(d)  As  to  the  heat  generated  during  the  fo- 
lution  of  metals,  it  is  owing  to  the  matter  of 
heat  which  had  been  fixed  in  the  metals,  and  is 
now  fet  at  liberty  by  the  acid  menflrua.  All 
metals  are  eliquated  by  fire  ;  fo  that  we  cannot 
determine  whether  this  depends  upon  the  fire 
ufed  in  fufion,  or  whether  it  belongs  to  metals 
themfelves.  Many  bodies  retain  a  confiderable 
quantity  of  heat  fixed,  although  they  have  ne- 
ver  been  expofed  to  the  fire,  as  we  have  already 
fhewn  in  the  inftance  of  lapis  calamitiaris  (/;. 

(e)  The  calxes  of  metals  are  deficient  in  that 
quantity  of  phlogiflon  which  is  nccefTary  to  their 

metallic 

(i)  Trcatifc  on  the  Ores  of  Zinc,  §  ix.  r. 
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metallic  ftate,  but  yet  are  not  entirely  without 
it ;  therefore,  in  their  folution,  fcarce  any  ela- 
ftic  fluids  are  generated,  unlefs  the  fire  be  con* 
tinued  scfter  exficcatlon :  Such  as  contain  aerial 
acid,  difcbarge  it  immediately  in  the  fame  form 
as  they  had  received  it.     It  is  remarkable,  that 
Dr  Prieftley  mentions  a  calx  of  lead  which,  with 
the  acid  of  phofphorus,  produced  an  inflam* 
mable  air.     By  means  of  the  nitrous  acid,  and 
evaporation  to  drynefs,  a  pure  air  is  produced, 
partly  by  the  decompofition  of  the  matter  of 
beat,  and  partly  by  the  phlogiilication  of  the 
nitrous  air ;   for  metallic  calxes,  and  feveral 
Other  earthy  matters,  attrad  the  nitrous  acid, 
and  fix  it  to  a  certain  degree,  fo  that  it  can  be 
loaded  with  the  phtogifton  of  the  heat ;  during- 
which  operation,  the  pure  air,  which  is  the  other 
principle  of  heat,  is  fet  at  liberty,  and  at  length 
a  like  air  is  generated  from  the  nitrous  air. 
Pure  nitre,  urged  by  fire,  illuftratcs  this  procef* 
very  well.     If  nitre  be  kept  red  hot  upon  a  tile 
for  half  an  hour,  and,  upon  cooling,  vinegar  be 
added,  or  even  a  weaker  acid,  immediately  the 
phlogidicated  nitrous  acid  is  difcovered  by  its 
fmell ;  but  from  whence  can  this  phlogiftication 
be  deduced,  only  from  the  hcut  pafling  through  ? 
Befides,  by  a  long  continued  fire,  all  the  acid  is 
expelled ;  but  a  very  fmall  quantity  of  it  may 
be  colleded  in  a  recipient  adapted  for  the  pur- 
pofe  J  and,  in  the  mean  time,  by  means  of  a 

pneumatic 
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pneumatic  apparatus,  air  of  different  degrees  of 
goodnefs  may  be  had  in  great  plenty.  Does 
not  this  manifeftly  indicate  fucceffive  changes 
taking  place  in  the  acid  ? 

Sometimes  a  fmall  portion  of  vitriolic  air  is 
had,  by  means  of  a  proper  degree  of  fire,'  from 
vitriolic  acid,  but  a  far  greater  quantity  of  pure 
air,  occafioned  by  the  decompofition  of  the  heat. 

(f)  The  folution  made  by  the  menftrua  above 
mentioned,  contains  a  metallic  calx  intimately 
united  with  the  acid  ;  but  the  quantity  of  phto* 
gifton  remaining  varies,  according  to  the  diffe- 
rence of  the  menftrua,  and  of  the  temperature. 
The  operation  being  performed,  either  with  or 
without  an  intenfe  heat,  frequently  occafions  a 
notable  difference,  as  we  have  already  obferved 
in  the  inftance  of  (k)  nitrated  mercury.  That 
calcination  is  effefted  more  gently  by  the  ma- 
rine  than  by  the  nitrous  acid,  will  eafily  appear 
on  pouring  concentrated  nitrous  acid  on  tin  or 
antimony;  the  difference  is  not  fo  vifible  in  the 
other  metals,  if  it  aftualiy  does  take  place. 

As  the  neceflity  of  this  calcination,  during 
the  folution  of  metals,  has  been  thought  by 
fome  modern  chemifts  not  only  doubtful  but 
even  falfe,  let  us  here  confider  feparately,  but 
briefly,  the  cafe  of  the  perfeft  metals,  which 
they  infift  ought  to  be  excepted,  as  they  do  not 
yield  to  the  moft  intenfe  fire.     Let  us  therefore 

obferve, 
(i)  Vol.  i.  p.  132. 
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pbferve,  ift,  that,  during  their  folution,  nitrous 
^  is  always  generated,  and  of  a  very  perfe^ 
)und;  this  cannot  arife  without  phiogifton;  but, 
jn  this  cafe,  there  is  nothing  prefent  which  can 
yield  phiogifton,  except  the  metals  ;  Therefore, 
^d,  the  metals,  when  precipitated  from  the  men- 
firua  by  fixed  alkalis,  both  with  refped  to  their 
^external  appearance  and  internal  properties,  ap- 
pear to  be  calcined  ^  v.  g.  the  precipitate  of  gold 
reje&s  mercury,  is  difTolved  in  marine  acid,  and 
pther  fimple  menftrua,  and  that  without  the 
produdion  of  any  elaftic  fluid.  3d,  Glafs  may 
be  ftained  by  thefe  metals ;  but  no  metal,  in 
i(s  complete  form,  can  be  taken  up  by  glafs, 
}Qiuch  l^fs  ferve  to  ftain  it. 

The  vulgar  objeftion  arifes  from  hence,  that 
^e  calxes  of  the  perfed  metals  may  be  reduced 
(blely  \>y  means  of  a  fufficient  degree  of  fire, 
without  the  addition  of  charcoal ;  but  this  de- 
pends upon  the  great  force  with  which  thefe 
calxes  attract  phiogifton,  fo  that  they  are  able 
to  decompofe  the  matter  of  heat,  and  to  take 
away  and  retain  as  much  of  that  principle  as  is 
fufficient  to  give  them  the  metallic  form ;  and 
^t  is  for  this  reafon  that  they  refift  the  effed  of 
fire  fo  obftinately,  when  in  their  metallic  ftate ; 
for  when  any  phiogifton  is  taken  away,  it  is  in- 
ftantly  replaced.  The  calxTes  even  of  the  im» 
perfed  metals  attack  phiogifton,  but  are  not 
able  to  retain  a  fufficient  quantity.    Mercury  is 
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SL  fort  of  intermediate  fubftance,  as  it  may^  like 
the  imperfeft  metals,  be  calcined  by  fire  alone, 
though  with  much  difficulty,  and  yet,  like  the 
perfed,  it  can  from  heat  alone  receive  phlogif- 
ton  to  faturation. 

The  following  has  been  propofed  to  me  ai  an 
inextricable  Jilcmma :  '*  Siiver  cannot  amat- 
*'  gamate  with  mercury  ^  except  when  in  its  mOei- 
*'  Itcjiate^  yet  both  faliied  and  nitrated  Jilver  an 
*'  taken  up  by  mercury  s  it  is  therefore  not  cd* 
*'  cined  by  the  acids^  but  adheres  to  them  in  iti 
*•  metallic  form.^*  We  fhall  not  need  any  at 
fiftance  from  the  higher  chemiftry,  in  order  to 
folve  this.  It  is  well  known,  that  the  calx  qf 
copper,  difToIved  in  vitriolic  acid,  is  precipitated 
in  its  metallic  form  on  the  addition  of  iron,  and 
that  by  means  of  a  double  eledive  attra&ion; 
for  the  iron  difTolving  in  the  acid  would  form 
an  inflammable  air  by  its  phlogifton,  were  not 
the  copper  prefent,  which  takes  it  up,  and  there- 
by becomes  infoluble  fo  long  as  it  retains  it ; 
But,  from  the  table  of  eleftive  attractions,  it 
appears,  that  mercury  poffefles  a  ftrongerat- 
traftion  for  acids  than  filver  does  ;  if,  there- 
fore, falited  or  nitrated  filver  be  triturated  with 
mercury,  the  filver  muft  be  precipitated  in  a 
metallic,  and  the  mercury  calcined  be  diflblved. 
This  alfo  takes  place,  provided  there  be  moifturc 
fufficient  to  fuffer  the  eleftive  attra£bions  to  ope- 
Viite:  The  fuperabxindant  mercury  greedily  take? 
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op  the  comminuted  filver  precipitate,  and  the 
arbores  Dianae  are  nothing  more  than  fuch  an 
amalgam  cryilaliized.  Upon  this  head  we  (hall 
lay  more  ^$  iv.) ;  the  fundamental  objedion  is 
therefore,  I  hope,  removed.  But  although  the 
acids  cannot  take  up  any  metal  while  it  retains 
its  full  proportion  of  phlogidon,  yet  various  me- 
tallic falts  are  able  to  effect  that  folution  ;  thus 
nitrated  or  falited  mercury  boiled  in  water,  to- 
gether with  the  crude  metal,  can  take  up  a  cer- 
tain proportion  of  it  without  dephlogiftication ; 
and  the  latter  of  thefe  two  falts,  by  this  method, 
even  in  the  via  ficca,  becomes  a  metcurius  dul- 
cis,  which  contains,  at  the  fame  time,  a  crude 
and  a  (/)  calcined  mercury. 

Perfed  folutions  Ihould  in  general  be  tranf- 
parent,  and  fome  are  alfo  dillinguifhed  by  a  pe- 
culiar colour,  namely,  that  colour  which  is  pro- 
per to  the  calx,  only  rendered  more  vivid  by 
the  moifture.  Thus  folutions  of  gold  and  pla- 
tina  are  yellow,  thofe  of  copper  blue  or  green, 
thofe  of  nickel  of  a  bright  green,  thofe  of  co* 
bait  are  red,  although  the  calx  is  black ;  we 
may  obferve,  that  even  this  red  colour  may  be 
heightened  to  blacknels  :  Iron,  moderately  cal- 
cined, is  green,  but  this  rarely  continues  upon 
further  dephlogiftication.  The  white  calxes  of 
filver,  lead,  tin,  bifmuth,  arfenic,  zinc,  antimo- 

VoL.  II.  B  b  ny, 
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ny,  and  manganefe,  are  diflblved  without  co« 
lour ;  but  folutions  of  the  lead,  tin,  and  anti- 
mony, are  fomewhat  yellow,  unlefs  fufficiemty 
diluted.  To  this  rule  mercury  forms  a  finga- 
lar  exception  ;  for  the  orange-coloured  calx  of 
this  metal  is  taken  up  by  menftrua  without  co* 
lour. 

That  phlogifton  is  the  chief  caufe  of  colour, 
appears  alfo  from  hence ;  the  black  calx  of 
manganefe  tinges  vitriolic  acid  with  a  red  co« 
lour,  but,  on  the  addition  of  fugar,  the  tingeti 
entirely  (m)  deftroyed.  Nitrous  acid  is  ren- 
dered blue  by  copper,  but,  when  the  metal  b 
added  in  confiderable  quantity,  it  becomes  oft 
very  deep  green ;  the  marine  acid,  which  d^ 
phlogifticates  the  copper  lefs,  is  yet  made  green, 
but,  by  dephlegmation,  may  be  fo  condenfed  at 
to  appear  brown.  I  have  fometimes  feen  a  fo 
lution  of  filver  green,  although  there  was  not 
prefent  the  fmalleft  particle  of  copper.  This 
depends  upon  the  abforption  of  nitrous  air;  for 
Jet  fmoking  nitrous  acid  be  diluted,  on  the  ad* 
dition  of  a  certain  quantity  of  water,  it  will  be 
of  a  deep  green,  by  a  greater  blue,  and,  upon  a 
ftill  greater,  becomes  limpid ;  by  means  of  the 
water  the  nitrous  air  is  extended  to  a  greater 
fpace ;  and  this  attenuation,  gradually  incrcafcd, 
varies  the  colours.     From  what  has  been  (aid, 

it 
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k  readily  appears  why  nitrous  acid  is  made 
green  by  a  large  quantity  of  copper. 

Metals  dephlogiflicated  by  acid  folVents  pow- 
erfully attrad  phlogifton ;  nay,  nitrated  filver 
and  mercury,  and  £dited  antimony,  cor- 
Todc  animal  fubflances,  in  order  to  extrad  it. 
This  metallic  caufticity,  which  is  only  to  be 
moderated  by  phlogifton,  ought  to  be  carefully 
diftinguifhed  from  the  acid  caufticity,  which  is 

«  reprefied  by  alkalis,  and  the  alkaline,  which  is 
mitigated  by  acids.     According  to  the  quantity 

-  of  phlogifton  prefent,  colours  vary ;  and  fome 
experiments  fliew,  that,  by  a  fuffident  quantity, 
all  colour  is  entirely  deftroyed,  fomewhat  in  the 
lame  way  as  a  white  light  is  generated  by  the 
union  of  the  feven  primitive  colours — but  of 
this  hereafter* 

5  IV.   Different  Species  of  Precipitations. 

Various  are  the  methods  by  which  diflblved 
metals  may  be  feparated  from  their  menftrua ; 
aad  the  appearance  and  nature  of  tbofe  preci- 
pitates are  occafionally  varied  in  this  operation 
in  a  very  lingular  manner.  We  (hall  mention 
ibme  of  the  moft  remarkable. 

(a)  All  metals  may  be  precipitated  by  alka- 
line falts,  which,  by  their  fuperior  power  of  at- 
tra£Hon,  feparate  them  from  their  menftrua ; 
but  the  differences  of  thefe  alkalis,  with  refped 
B  b  ^  .to 
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to  their  nature  and  preparation,  impreffesthe 
precipitate  with  different  charafters. 

With  the  cauftic  fixed  alkali  the  calxe$  fid! 
almoft  entirely  pure,  but  loaded  with  water,  and 
the  itiatter  of  heat  which  is  expelled  from  the 
alkalis  by  the  acid.  The  weight  is  found  to  be 
increafed  by  the  water,  and  perhaps  by  the 
matter  of  heat,  but  yet  lef^  than  by  the  aerial 
acid. 

With  the  aerated  fixed  alkali,  by  means  oft 
double  decompofition,  the  aerial  acid  unites  to 
moil  calxes.  We  have  already  obferved,  that 
the  vegetable  alkali,  completely  aerated,  prect* 
pitates  a  white  calx  from  falited  mercury,  but 
that  the  mineral  alkali  does  not  poflefs  that 
property. 

The  volatile  alkali,  which  naturally  contaiai 
phlogifton,  fometimes  phlogifticates  the  prcci- 
pitates :  It  throws  down  a  black  or  white  pre- 
cipitate  of  mercury ;  nay,  makes  the  orange^ 
coloured  calx  white,  the  reafon  of  which  phac 
liomenon  we  fhall  foon  fee.  Gold  receives 
from  this  precipitant  its  fulminating  quality,  as 
before  {p)  explained. 

The  alkali,  which  is  commonly  called  phlo- 
gifticated,  generally  precipitates  metals  with  an 
increafe  of  weight,  as  Mr  Macquer  firft  demon- 
flrated. 

(») 

(/)  Of  the  fulminating  Calx  of  Gold. 
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(b)  Frequently  the  a<;ids  occafion  precipitates^ 
and  that  for  different  reafons. 

By  means  of  eledive  attradion,  filver,  mer* 
cory,  and  lead,  are  taken  from  the  nitrous  acid, 
hj  the  addition  of  the  marine  or  vitriolic. 
Thefe  acids  form  with  the  metals  new  com- 
Ixmnds,  which  are  difficult  of  folution  in  water ; 
they  are  therefore  precipitated  in  greater  or 
lefler  quantity,  according  to  circumftances* 

By  too  much  dephlogiflication  the  nitrous 
acid  can  decompound  falited  tin  and  antimony  ; 
for,  when  thefe  calxes  are  too  much  calcined, 
they  rejed  menftrua. 

(c)  Alkalis,  faturated  with  acids,  which  are 
tailed  neutral  lalts,  fometimes  difturb  metallic 
iblutions. 

By  means  of  a  double  eledive  attradion,  all 
thofe  which  contain  vitriolic  or  marine  acid  de* 
compofe  folutions  of  filver,  mercury,  or  lead,  in 
marine  acid,  and  precipitate  the  metals. 

By  forming  a  triple  combination,  the  vege- 
table, ^  well  as  volatile  alkali,  although  lata, 
rated  with  vitriolic,  nitrous,  or  marine  acid^ 
precifiitate  platina  from  aqua  regia.  If  the  mi- 
tieral  alkali  forms  the  bafe,  the  neutral  fait  has 
tko  power  of  this  fort :  Thefe  phaenomena  are 
tnore  accurately  confidered  elfewhere. 

(d)  Some  metallic  falts  can  decdmpofe  others^ 
and  precipitate  their  bafes.  This  may  happen 
iRfhen  the  acid  is  different  in  the  two  fidts,  or, 

B  b  3  what 
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what  is  more  fingular^  even  though  it  be  the 
fame. 

Solution  of  gold  gives  us  an  example  of  each 
of  thefe  two  cafes.  This,  as  is  well  known, 
is  precipitated  by  martial  vitriol,  although  the 
reafon,  fo  far  as  I  know,  has  not  been  yet  ex. 
plained ;  but,  upon  examining  the  precipitate 
carefully,  it  will  be  eafily  underftood  ;  for  thiSi 
when  wafhed  and  dried,  not  only  fliews  many 
refplendent  gold-coloured  particles,  but  illb 
unites  with  mercury  by  trituration,  diffohet  ia 
aqua  regia,  but  not  in  marine  acid  alone,  to- 
gether with  other  circumltances  which  evince  t 
complete  refufcitation  of  the  gold.  CryftaOi* 
liable  martial  vitriol  contains  phlogifton,  hot 
very  loofely  adhering,  fo  that  the  calx  of  the 
gold  may  very  eafily  take  it  away  to  fupply 
the  lofs  it  had  fuflained  during  the  folution* 
That  this  is  the  true  foundation  of  the  proceis, 
appears  alfo  from  this,  that  the  weight  of  the 
difTolved  gold  is  precifely  recovered  :  It  is  alfo 
proved  from  this  circumftance,  that  dephlogifii* 
cated  vitriol  will  not  precipitate  gold.  It  may 
reafonably  be  inquired,  why  the  furrounding 
aqua  regia  leaves  fuch  a  precipitate  untouched. 
The  reafon  is,  that  the  menftruum  is  diluted 
and  weakened  by  the  quantity  of  water ;  for, 
upon  boiling  it  gently,  fo  as  to  expel  the  water, 
the  menftruum  recovers  its  folvent  power,  and 

takes 
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takes  up  the  precipitate.     We  come  now  to  the 
origin  of  the  purple  precipitate. 

That  a  folution  of  gold  in  aqua  regia  fbould 
be  precipitated  by  a  folution  of  tin,  the  fame 
menfiruum,  is  of  more  difficult  explanation : 
In  this  cafe,  it  is  the  fame  menftruum  that  holds 
the  two  metals  diffolved ;  what  then  is  the  caufe 
of  the  change  ?  At  firft  I  imagined  that  the  tin 
had  attracted  a  fuperabundance  of  the  acid,  and 
taken  it  from  the  gold,  which  being  therefore 
deftitute  of  the  proper  quantity,  mud  neceifari* 
ly  fall  to  the  bottom  ;  bu(,  upon  employing  a 
folution  containing  fuperabundant  aqua  regia^ 
the  fiime  precipitate  was  occafioned*  The  caufe 
is  therefore  not  to  be  fought  in  the  menftruum : 
Let  us  examine  the  precipitate  itfelf,  and  per* 
haps  the  knowledge  of  its  properties  will  unfold 
the  myftery.  Its  external  appearance  fhews  no* 
thing  like  the  metallic  fplendour,  but  altogether 
refembles  a  calx  :  It  is  eafily  found  by  its 
weight,  that  it  cannot  confift  entirely  of  gold  ;  . 
and,  in  fad,  chemical  examination  difcovers  a 
confiderable  quantity  of  tin.  It  cannot  be  dif* 
folved  by  the  marine  acid  alone,  but,  upon  the 
addition  of  a  little  nitrous  acid,  is  eafily  taken 
up :  Triturated  with  mercury^  it  fcarcely  unites 
with  it.  Thefe  properties  feem  to  indicate,  that 
the  gold  has  fo  far  received  phlogifton  as  to  re« 
fift  the  marine  acid,  unlefs  aided  by  the  nitrous ; 
B  b  4  but 
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but  its  earthy  appearance,  and  its  habits  Wh 
refpeft  to  mercury,  evince  that  it  is  not  in  its 
complete  metallic  form.  May  not,  therefore, 
the  following  explanation  be  conformable  to 
truth  ? — ^The  folution  of  tin  neceflary  for  this 
operation  mud  retain  as  much  phlogiflon  as  it 
poffibly  can,  confident  with  folubility.  This  is 
dropped  into  a  folution  of  gold  very  much  di- 
luted, by  which  means  the  remaining  phlogifton 
of  the  tin  is  more  loofened,-  and  is  more  eafilj 
attraded  by  the  gold  calx,  which  is  thereby 
brought  to  a  date  approximating  to  completion, 
fo  that  it  can  no  longer  be  retained  by  the  men- 
druum ;  and  the  fame  happens  to  the  tin,  by 
means  of  the  dephlogiftication:  They  muft  both, 
therefore,  of  confequence  fall  to  the  bottom, 
mixed  intimately  together.  It  is  probable,  that, 
in  this  cafe,  it  is  the  tin  which  prevents  the 
union  with  mercury. 

(e)  Befides,  the  metals  precipitate  one  an* 
other  after  a  certain  order.  This  order  is  found 
to  be  the  fame  in  all  acid  mendrua,  and  is  men- 
tioned in  another  place.  This  precipitation  is 
efFedted  by  a  double  eleftive  attradlion  (s) ;  for 
the  metal  which  is  to  be  precipitated  exids  in 
the  folution  in  a  calcined  date  ;  but,  being  re- 
duced by  the  phlogidon  of  the  precipitant  falls 
to  the  bottom,  while,  at  the  fame  time,  the  pre- 
cipitant 

(/)  Trcatifc  on  Elc^ivc  Altradions. 
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cipitant  being  calcined  becomes  foluble:  But^ 
if  the  precipitant  has  been  fo  calcined,  that  a 
part  of  it  being  infoluble  is  mixed  with  the  pre-* 
cipitate,  the  metallic  fplendour  is  wanting,  and 
it  puts  on  an  earthy  appearance.  A  pure  pre- 
cipitate is  of  the  fame  weight  as  the  metal  had 
been  before  the  folution.  The  mixed  precipi- 
tates  are  lefs  frequently  met  with ;  yet  gold, 
precipitated  by  tin,  exhibits  one  of  that  fort. 

But  many  anomalous  circumftances  occur  in 
this  matter,  depending,  no  doubt,  upon  acci- 
dent. The  order  is  indeed  conftant,  and  never 
inverted.  Zinc  prevails  over  iron ;  iron  over 
lead }  lead  over  tin ;  tin  over  copper ;  copper 
over  filver  j  filver  over  mercury,  &c.  Yet  it 
Ibmetimes  happens  that  a  metal,  which,  accord* 
ing  to  the  general  rule,  precipitates  another,  in 
its  metallic  ftate,  from  one  menflrua,  precipi* 
tates  it  from  another  in  the  form  of  a  calx ; 
and  from  a  third  not  at  all.  Some  examples 
will  illuftrate  this: — Zinc  precipitates  iron  from 
marine  acid  in  its  metallic  ftate,  but  from  the 
nitrous  only  in  the  form  of  a  calx.  Perhaps 
the  phlogifton  of  the  zinc  is  not  fufficient  to 
reduce  the  iron,  which,  in  the  latter  cafe,  has 
been  much  more  dephlogifticated  ;  yet  the  par- 
ticles of  iron,  although  they  were  at  firft  me- 
tallized, may  be  again  calcined  in  a  menftru- 
um  which  is  very  greedy  of  phlogifton.  Tin, 
precipitated  from  marine  acid  by  lead,  appears 

in 
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in  a  complete  form ;  but  is  not  thrown  down 
from  nitrous  acid ;  and  from  vinegar  is  pred* 
pitated  in  form  of  a  calx,  even  by  iron  and 
zinc.  Lead  lets  fall  nothing  from  vinegar  up* 
on  the  addition  of  iron.  Thefe,  and  other  ano« 
malies,  will  be  exprefsly  examined  in  the  doc- 
trine of  attradions :  It  will  be  fufficient  here  to 
mention,  that  a  fmall  excefs  of  acid  is  neceflary^ 
and  that  without  it  no  precipitation  begins  (/) ; 
but  a  great  fuperabundance  prevents  that  o^ 
ration,  by  again  diflblving  the  precipitate ;  be* 
iides,  the  weights  of  the  precipitates  and  the 
diflblved  precipitants  do  not  correfpond* 

S  V.    Colours  of  Metallic  Precipitates. 

Before  we  confider  the  weights  of  the  diffe* 
rent  metals,  we  fliall  flightly  touch  upon  the 
precipitates.  I  employed  tjie  mineral  alkali,  as 
the  degree  of  faturation  of  it  with  aerial  acid  is 
more  conftant.  When  I  had  occafion  for  4 
cauftic  alkali,  I  prepared  it  by  a  fmall  quantity 
of  burned  lime,  in  a  clofe  bottle.  The  good- 
nefs  of  it  was  proved  by  its  occafioning  no  pre- 
cipitation in  lime-water.  The  preparation  of 
phlogifticated  alkali  is  defcribed  in  another 
place  («). 

(a) 

(/)  This  was  firft  obferved  by  the  celebrated  Gaho. 
(fi)  Treatife  on  the  Humid  Art  of  Aflaying,  $  ii. 
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(a)  Gold  diflblved  in  aqua  regia  is  predpi* 
fated  by  cauftic  mineral  alkali,  almoft  blad^:; 
by  the  aerated,  yellow ;  as  alfo  by  the  phlogifti« 
catedy  unlefs  fome  iron  be  prefent,  which  fre- 
quently happens.  As  the  whole  of  the  gold  is 
fcarcely  ever  precipitated,  I  cannot  pretend  to 
afcertain  the  weights. 

(b)  Neither  the  cauftic,  nor  aerated  mineral 
alkali,  precipitate  one  half  of  platina,  diflblved 
in  aqua  regia ;  the  precipitate  is  of  an  orange 
colour,  which  on  drying  changes  to  a  brown* 
An  over  proportion  of  alkali  re-diflblves  the 
precipitate  with  a  more  obfcure  tinge ;  nay,  the 
precipitation  is  fo  imperfed,  that  alkali  fatura- 
ted  with  acid  feems  to  diflblve  it.  The  phlo- 
^icated  alkali  does  not  precipitate  the  depu« 
rated  folution,  nor  even  make  it  turbid^  but 
heightens  the  colour  in  the  fame  manner  as  the 
excels  of  alkali  does. 

(c)  Silver  diflblved  in  nitrous  acid  is  preci- 
pitated white  by  aerated  mineral  alkali ;  by  the 
caufUc  brown;  and  by  the  phlogifticated  alkali 
of  an  obfcure  yellow;  by  the  nitrous,  as  well 
as  the  marine  acid,  white;  but  the  former 
precipitate  confifts  of  more  diftinft  particles, 
which  grow  black  more  flowly  in  the  light  of 
the  fun. 

(d)  Salited  mercury  is  precipitated  red,  or 
rather  ferruginous,  by  aerated  alkali ;  by  the 
cauftic  more  yellowiih,  or  orange.    Nitrated 

mercury. 
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mercury,  prepared  without  heat,  yields  a  ferrtH 
ginous  precipitate  with  mineral  alkali ;  a  black 
with  cauftic:  When  prepared  with  heat,  it 
yields  to  cauftic  alkali  an  orange,  or  reddiih 
yellow  precipitate:  By  phlogifticated  alkali  it 
is  precipitated  from  all  acids,  white;  whicb^ 
when  dried,  becomes  of  a  browniih  yellow. 
Salited  mercury  is  very  fparingly  precipitated 
by  this  alkali.  The  precipitate  occafioned  by 
phlogifticated  alkali  is  again  diftblved  if  too 
much  alkali  be  ufed. 

Wc  have  before  fliewn  that  a  white  preci[H« 
tate  may  be  obtained  by  aerated  vegetable  alka* 
li,  and  have  explained  the  caufe. 

Corrofive  fublimate  muft  be  very  cautiouily 
precipitated  by  cauftic,  as  well  as  aerated  fixed 
alkali ;  for  the  part  feparated  may  again  be  dif« 
folved  by  a  large  quantity  of  water*  If  too 
much  alkali  be  ufed,  a  new  compound  arifes  of 
a  peculiar  nature. 

(e)  Nitrated  lead  is  thrown  down  white  by 
aerated,  cauftic,  or  phlogifticated  alkali.  If 
too  much  alkali  be  ufed,  the  laft  precipitate 
is  diflblved  with  a  brownifli  yellow  colour.  Vi* 
triolated  and  falited  lead  is  precipitated  white. 

(f)  Nitrated  copper,  which  folution  is  blue, 
is  precipitated  of  a  bright  green  by  aerated 
fixed  alkali ;  by  the  cauftic  of  a  grayifli  brown^ 
which  grows  reddifli  by  age.  By  phlogiftica- 
ted alkali,  copper  is  precipitated  of  a  greenifli 

colour, 
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colour,  wiiich  afterwards  grows  of  a  brownUh 
red,  aiid,  upon  exiiccation,  almoft  black*  The 
aerial  acid  readily  takes  up  a  fmall  portion  of 
copper  during  the  precipitation,  which  is  again 
depolited  by  the  beat  of  boiling. 

(g)  Iron  is  precipitated  green  by  the  aerated 
fixed  alkali,  from  vitriolic  and  marine  acid; 
this  precipitate  becomes  of  a  brownifh  yellow, 
efpecially  on  exficcation:  With  the  caufiic  al* 
kali  it  approaches  more  to  black:  In  the  pred-* 
pitation  fome  part  is  held  in  folution  by  the 
aerial  acid,  if  the  aerated  alkali  be  ufed :  Tht 
phlogifticated  alkali  yields  a  dark  blue  precipi- 
tate. 

(h)  Tin  is  precipitated  white  by  every  alka* 
line  fait,  even  by  the  phlogifticated  alkaU ;  but 
at  length  fome  blue  particles,  which  are  mixed^ 
appear,  fo  that  the  whole,  when  colle&ed  and 
.(tried,  is  of  a  light  blue  colour.  That  thefe 
blue  particles  depend  upon  iron  is  eafily  feen 
upon  calcination,  for  they  become  ferruginous, 
and  obey  the  magnet.  I  have  always  found  in 
tin  an  adniiixture  of  iron. 

(i)  Bifmuth  is  precipitated  white  by  water 
and  alkalis,  panicularly  the  former ;  phlogifli- 
cated  alkali  throws  down  a  yellow  powder, 
which  being  mixed  with  blue  particles,  occa- 
fioned  by  iron,  at  length  appears  green.  This 
y$Uow  fediment  eafily  diflplves  in  nitrous  acid. 


99t       OF  METALUC  FRECIPITATE& 

(k)  Nickel  is  precipitated  of  a  whitifli  greea 
by  fixed  alkalis  ;  by  the  phlogifticated  alkali  of 
a  yellow ;  and,  by  exiiccation,  it  is  condenfed 
into  a  dark  brown  mals. 

(l)  Arfenic  diflblved  in  acids,  which  prevent 
too  great  dephlogiftication,  may,  to  a  certain 
degree,  be  precipitated  white  by  the  fixed  alka« 
li,  even  when  phlogifticated,  but  the  fediment 
is  found  foluble  in  water;  yet  nitrous  acid, 
either  alone,  or  joined  with  the  marine,  gene* 
rally  dephlogifticates  the  arfenical  acid,  which 
thereby  becomes  unfit  for  feparation.  Arfenic, 
diflblved  in  marine  acid,  with  the  addition  of  a 
little  nitrous  acid,  depofited  a  white  fediment; 
upon  the  addition  of  a  large  quantity  of  phlo« 
gifticated  alkali,  the  fediment  was  mixed  widi 
Pruffian  blue  ;  this  was  diflblved  in  water,  and 
freed  by  frequent  fihration  from  the  blue  par* 
tides,  and,  at  length,'' on  evaporating  to  dryneis, 
yielded  a  femipellucid  mafs. 

(m)  Cobalt,  diflfolved  in  acids,  is  thrown 
down  by  fixed  alkali,  whether  aerated  or  cau- 
ftic,  of  a  reddifh  blue,  which  colour,  on  exfic- 
cation,  grows  darker,  efpecially  when  the  for- 
mer alkali  has  been  ufed :  Phlogifticated  alkali 
throws  down  a  powder  of  almoft  the  fame  co- 
lour, which,  upon  exficcation,  becomes  of  a 
reddifli  brown. 

(n)  Zinc  is  precipitated  white  by  aerated 
and  cauftic  fixed  alkali,  as  alfo  by  the  phio* 

gifticated 
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^iftlcated  alkali ;  but  this  laft,  on  exficcatioiit 
becomes  of  a  citron  colour :  A  fmall  portion 
of  aerial  acid  may  eafily  efcape  during  the  pre* 
cipitation. 

(o)  Antimony  is  precipitated  white  by  alka- 
lis, when  the  phlogifticated  alkali  is  ufed ;  at 
the  fame  time  almoft  always  fome  blue  particles 
are  precipitated,  although  the  regulus  had  been 
prepared  without  any  iron.  The  operation 
ihould  be  cautioufly  conducted,  left  iome  part 
be  taken  up  by  the  alkaline  fait. 

(p)  Manganefe,  which  is  procured  by  reduc- 
tion from  common  magnefia  nigra,  generally 
renders  menftrua  brown,  and  with  aerated  al- 
kali yields  a  yellowifh  brown  fediment ;  with 
the  cauftic,  one  ftill  darker ;  with  the  phlogif« 
ticated,  a  powder  is  feparated,  at  firft  a  blue 
one,  then  a  white,  the  mixture  of  which  ren- 
ders the  mafs  a  darklfh  or  rather  a  black  green. 
That  the  calx  of  the  manganefe  may  be  obtain- 
ed pure  and  white,  the  precipitate  occafioned 
by  cauftic  alkali  muft  be  diifolved  in  pure  vine- 
gar ;  for  there  ftill  remains  a  quantity  of  undif- 
folved  iron,  which  is  taken  up  by  the  aerial 
acid.  This  acetous  folution  contains  little  or 
pothing  of  iron.  That  metal  may  alfo  at  firft 
be  feparated  by  a  fmall  quantity  of  volatile  al- 
kali. 

The  common  folution  of  the  regulus  is  not 
perfe£Uy  precipitated  by  aerated  alkali  j  and, 

upoa 
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upon  the  rematining  liquor  fpontaneoufly  eva« 
porating  to  drynefs,  upon  the  glafs  are  depofited 
grains  of  a  metallic  fplendour,  and  not  unlike 
copper.  Thefe  are  readily,  though  but  partial* 
ly,  diflblved  in  nitrous  acid  ;  but,  upon  the  ad- 
dition  of  zinc,  nothing  but  the  manganefe  falls, 
though  at  iirft  it  is  a  little  reddifh.  With  phk>» 
gifticated  alkali,  a  yellow  precipitate,  like  pure 
manganefe,  falls,  provided  the  folution  has  d^ 
pofited  the  iron  when  too  much  dephlogifticap 
ted  by  age ;  but  the  new  folution  yields  a  pre> 
cipitate  almoft  like  that  which  is  obtained  from 
common  regulus.  The  yellow  fediment  may  be 
diiTolved  in  water. 

There  is  always  a  coniiderable  difficulty  it- 
tends  the  defcribing  of  colours,  as  the  fevenl 
varieties,  which  are  almoft  innumerable,  aie 
derdtute  of  particular  names.  Colours  are  in- 
deed fubjeft  to  changes ;  but  not  the  fmalleft 
ever  occurs  without  fome  determinate  caufe; 
they  fhould  therefore  be  carefully  obferved;  for 
from  thence  we  (hall  always  learn  fomething, 
provided  vrt  confider  every  thing  with  due  at- 
tention. 

§  VI.     Nature  and  Compofition  of  Metallic  Pre- 
cipitates. 

The  metallic  precipitates  will  reveal  to  us 
many  myfteries  upon  proper  examination. 

(a) 
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(a)  Our  firft  inquiry  ftiall  be  concerning 
their  weight.  I  have  as  yet  only  examined 
thofe  precipitates  which  are  occafioned  by  ae- 
rated mineral  alkali,  cauftic  alkali,  and  phlo- 
gifticated  alkali.  Tht  refults  of  many  df  thofe 
experiments  I  have  been  obliged  to  reje&,  as 
being  too  vague  and  indeterminatd ;  the  reft,  I 
hope,  are  fomewhat  better  founded.  But,  up* 
on  confidering  how  difficult  it  is  to  depurate 
and  wafh  completely  the  metallic  fediment,  fo 
that  neither  the  alkali,  the  aerial  acid,  the  wa- 
let  J  nor  any  other  extraneous  matter,  fliall  ad- 
here, I  confider  them  only  as  colle&ions  of  the 
firft  terms  of  infinite  feries,  which  converge 
voy  quickly.— In  order  to  obtain  the  neareft 
potBble  approximation,  I  repeated  the  experi- 
ments frequently,  in  the  moft  accurate  manner, 
and  they  are  here  fubjoined*  In  the  following 
table,  100  parts  of  the  metallic  regulus  are  al<* 
ways  fuppofed  diifolved. 
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(b)  Upon  comparing  thefe  weights,  a  qucC- 
tion  at  firft  occurs  concerning  the  caufe  of  fuch 
enormous  differences;  and  it  is  plain  that  this 
caufe  mud  be  fought  for  in  the  precipitates 
themfelves.  The  fixed  alkali,  faturated  with 
aerial  add,  when  added  to  the  folution,  is  taken 
up  by  the  more  powerful  menftruum,  and  the 
weaker  is  of  courfe  expelled,  and  i$  abforbed 
by  the  calx,  as  it  ^Is  in  greater  or  leffer  quan- 
tity, according  to  circumftanc^.  That  this  is 
aftiially  the  cafe  is  eafily  demonftrated : — Let  at 
bottle,  containing  a  fuflicient  quantity  of  nitrous 
acid,  be  accurately  weighed ;  let  there  be  put 
into  it, by  degrees,  r.  ^.  132  parts  of  lead,  pre* 
cipitated  by  aerated  alkali,  and  not  only  an  ef- 
fervefeence  will  be  obferved,  which  continues 
until  the  very  lad  particle  is  diffolved;  but, 
vhenthe  folution  is  finifhed,  a  deficiency  of 
weight  is  difcovered,  which  amounts  nearly  to 
ai,  and  which  is  indubitably  owing  to  the  ex- 
trication of  aerial  acid  (§  in.  £•)•  But  132-— 
.ai=r=i'iif  a  weight  which  flill  confiderably 
exceeds  that  of  the  metal.  Upon  diftillatioa 
nearly  8  of  water  are  difcovered ;  there  yet  re- 
4Qaii),  therefore,  3,  which  by  violent  heat  are 
^inc^eMed  by  7 ;  for  132  of  the  calx,  well  cal- 
(Cdned,  yield  no.  The  whole  increment  of 
weight,  then,  does  not  depend  upon  the  water 
and' aerial  acid.  The  fame  thing  is  evinced 
£roo»  the  confideration  of  the  precipitate  of  lead 
Ccj  by 
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by  the  caaftic  alkali ;  as  h  is  evident,  thi^  in 
this  cafe,  there  is  no  aerial  add ;  befidet,  m 
effervefcence  accompanies  die  iblotioa*  If  m 
fiif^fe  the  quantity  of  water  equal  in  faotk 
cafes,  yet,  even  on  this  fbppofition,  the  vhok 
ezeefii ^s  not accoontcd for, fori x6—  ft  19 xoli 
It  is  therefore  probable  that  the  nntter  of  hat 
u  attached  to  the  caU.  This  macttr  of  het 
is  always  prefem  in  cauftic  aBudi ;  for,  whei 
it  is  difiblved  in  the  fimple  adds,  heat  if  alwajn 
generated^  This  opinion  is  confirmed  by  die 
following  confideraiioM ;  ift,  Tbe  incimcflt 
of  weight  can  fear ce  be  conceived,  witbout  fq^ 
pofing  9M  increment  of  matter*  ^,  Wbcn  ike 
cauftic  alkali  k  employed,  no  odier  bmCMv  ca 
be  fnfpea:ed«  jd.  The  lame  caufe  is  atfopit- 
fatt  when  the  weight  is  increafed  by  dty  caki* 
nation.  4th,  Let  the  heat  occafioned  by  At 
mixture  of  determinate  portions  of  any  acid 
and  cauftic  alkali  be  marked  upon  a  tbemMl- 
meter :  Let,  then,  an  equal  quantity  of  the  fame 
menftruum  be  faturated  with  a  metal ;  afteh 
wards,  upon  the  addition  of  an  equal  qwitiiy 
of  cauftic  alkali,  it  will  be  found  eidier  tkit 
no  heat  is  generated,  or  a  d^ee  Tory  modi 
lefs  than  before.  Some  of  the  matter  of  heel, 
therefore,  is  taken  up  and  fixed,  which  sUb 
generally  makes  the  colours  of  the  precq^iotes 
more  obicure,  and^  in  diftillatioa  xriA  ftl  tfi- 

meflBCf 
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m6S&2Ci  oomidiinicate  ta  the  vottfife  alkair  ttrf 
^paaidtf  that  had  been  takOk  awiy.  What  hat 
iMdK  fiUd  of  had  u  alib  time  of  die  odier  me^ 
fab^  a  fistr  ejocqjted^  which  feem  to  take  op 
Mttft  or  ior  aerial  add  f  Atbzn  tiai,  iatianmyj 
gididf^axid  phRixnu 

(e)  But  feibe  preei{Atater  HUAnalfrA  fom^ 
Mi^  of  ibe  mifyinmm.  Thu^  oorrafiTi  fiiUi^ 
flftev  piedpiiafei  by  adrated  aObtlir  fietjd»  a 
poniaii  of  iaarite  acid^  ^hkb  caniiot  be  ^opaflu 
ed  off  by  water}  bm^  fiy  eioftic  dbOt,  die 
ffedpitatenby  be  obtaiaed^  dth«  firei  of  the 
acid  altogedier,  or  in  a.  great  iiieafur&  bi  tfait 
calf^  aa  m  niany  othera,  the  aeriad^  add  feema 
to-  grineuate  a  triple  fall!,  ^diidi  ir  ficarieiy  fi> 
loMe.  The  prdenee  of  dK  marine  add  ill  eafi- 
hf  diibev^rBd*  by  nitrated  fitter,  if  die  predpt* 
ttie  fcie  previoofly  diiblml  in  pure  nitrout  add« 
Hence  we  obferve  another  difference  in  mer^ 
cory  precipitated  from  marine  add,  according 
^gi  aerated  or  canftic  alhali  haa  been  employed : 
The  latter  predpitate,  well  waihed^  and  put  in- 
to volatile  alkali,  is  fcarcely  changed  in  colour  ; 
but  the  former  inftamly  grows  white,  genera* 
ting  a  ^des  of  fal  alembroth,  but  containing 
it^  little  marine  add  as  not  to  be  eafily  Ibluble 
an  water. 

The  calxes,  which  retain  any  of  their  iox- 
mer  menftruum^  generally  give  over,  on  diftil- 

ladon. 
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lation,  a  fmall  portion  of  a  fuUimate.  Tie 
mercurial  calx,  juft  mentioned, .  ezpofed  tat 
fufficient  degree  of  heat,  is  partly  reduced  to 
crude  mercury,  partly  to  mercurius  dulcit,  by 
piean8  of  its  remaining  marine  acid.  Hiit 
mercurius  dulcis  did  not  exift  in  the  precipit 
tate ;  for,  in  that  cafe,  it  would  be  eafily  diiix>- 
vered  by  acids,  in  which  it  is  not  fpluble,  and 
would  grow  black  with  cauftic  alkali,  neither 
of  which  things  takes  place;  it  is  therefore gc 
nerated  during  the  diftillation^ 

(d)  The  nature  pf  phlogifticated  alkali  is  as 
yet  obfcure ;  but  it  poiTefTes  the  fame  proper^ 
ties,  with  regard  to  falts  and  alkaline  earths, 
as  acids  when  loaded  with  phlogifton  do:-^ 
The  fame  is  true  with  regard  to  metallic  calc- 
es, with  which  it  forms  compounds  of  a  faliiut 
nature,  though  mod  of  them  are  infoluble  ia 
water. 

§  VII.     Advanlages  refulting  from   the  ExamU 
nation  of  Metallic  Precipitates. 

In  order  to  recommend  the  more  accurate 
examination  of  metallic  precipitates,  I  beg  leave 
to  add  a  few  words  concerning  the  advantages 
to  be  derived  from  that  labour. 

(a)  It  is  evident,  that,  by  more  intimate  ac- 
quaintance with  thefe  precipitates,  the  chemi" 

cal 
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eaX  theory  of  the  operation  will  be  better  un« 
derftood. 

(b)  We  may  thereby  be  able  to  difcover 
the  more  ufefal  and  remarkable  properties. 
No  one  is  ignorant  that  aurum  fulminans,  the 
mineral  purple,  and  other  encauftic  pigments, 
by  which  the  colours  of  gems  may  be  imitated, 
have  been  derived  from  this  fource. 

(c)  A  foundation  is  thereby  laid  for  the  art 
ctf  aflfaying  by  the  humid  way,  from  the  bare 
knowledge  of  the  weights.  It  may  be  objec- 
ted, that  the-  6o&rine  of  the  weights  is  very 
fallacious ;  that  they  vary  in  the  different  pre* 
cipitates  ;  that  by  imperfed  precipitation  fome- 
thing  remains  in  the  liquor ;  and  that,  fome- 
times,  extraneous  matters  are  mixed  with  them; 
All  this  is  true ;  but,  if  the  mode  of  operation 
be  always  the  fame,  the  refults  of  the  experi^ 
ments  will  be  conftant.  Let  us  fuppofe  that  a 
quantity  of  metal  (a),  precipitated  in  a  certain 
manner,  makes  a  weight  (b);  if  that  lame 
manner  be  exadly  employed,  we  may  fairly 
conclude,  that  a  quantity  of  precipitate  (n  b); 
occurring  in  any* cafe,  is  correfpondent  to  a 
quantity  of  perfed  metal  (n  a),  although,  in 
the  fundamental  experiment,  either  the  preci* 
pitation  is  incomplete,  or  fome  extraneous  mat- 
ter be  prefent.  If  all  the  circumftances  which 
occafion  increale  or  deficiency  be  carefully  ac^ 
tended  to^  the  conclufion  will  remain  unim- 

perched: 
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peftcbed :  Ltft  the  ncthod^  iitettSim^  ht  Actfi^ 
rately  determined,  and  there  will  be  nd  dft%A 
«f£[^aoy/ 

.  (d)  By  this  tfte  Mtuteof  inMris  iriifaiflfi* 
ted*  Placini^  ntckel^.  coball#  and  tii<ngMiifr| 
^e  (ufpe&ed^  by  ibmc  p«rfons,  id  derite  fMa 
firigiH  from  ft  BEttxture  i>f  eth*  xMlal*.  Ba^ 
if  iron  neceflarily  enmra  ima*  dM»  tompaficiitf 
^  pUtiaa^  when  ibifr  ia  diSoini  lA  tqHm  re- 
psLf  it  fhottld  product  a  Pmffiati  bhie  vfran  tk 
addition  of  phlogifUcated  alkali }  aad'  tUa  k 
the  cafe,  in  fa&,  when  commoor  pladna  ii 
cnq^loyed,  but  not  when  it  is  ri^tly  d^pdM* 
ted  (iv). 

.  If  iron,  adhering  rei^  obfttAaldy  to  nickdi 
fotvAed  a  gfeat  part  of  it,  the  preetpitatet  ob* 
tained  froa^  it  by  alkalis  could  act  dffier  fnMi 
liiartial  precipitates  to  much  as  they  do,  in  oo* 
fom*,  weight,  and  other  properties* 

The  fame  is  true  of  cobalt  and  manganefe* 
The  regulus  obtaiiled  from  magnefia  nigra  ooo- 
tains  about  0,08  of  iron^  Let  us  fee  how  this 
affe&s  the  mixture. 

100,  diflblved  in  an  acid  menftruum,  yields 
to  phlogifticated  alkali  a  powder,  confifting 
partly  of  blue,  partly  of  brownifli  yellow  par* 
tides,  which  is  equal  in  weight  to  150  lb. ;  but 
8  lb.  of  iron  yield  48  of  PrufGan  blue,  nearly  | 
of  the  whole  mafs  :    Hence  it  follows,  that  too 

parts 
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parts  of  pore  manganefe  yidd  to  phlogHticated 
alkafi  fctrcel)^  tii^  Le^uetalf  fiM  diset  lA 
than  an  equal  weight  of  iron.  * 

(b)  Fiiutty,  it  may  by  this  means,  perh^, 
be  poffibie  to  determine  the  unequal  quantitiea 
of  phlogifton  la  different  ntttals ;  for  a  given 
weight  of  precipitating  metal  does  not  yield  an 
equal  quantity  of  precipitate:  Thus^  e.  $•  cop- 
per is  HAe  fo  prtdpSate  from  nhrous  add  fottr 
times  its  own  weight  of  fihrer* 
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ART  OF  AS  BAT  INC 


IN     THE 


HUMID    WAY, 


5  I.      Circumjiances  attending  AJfaying  by  the 
Dry  Way. 

THERE  is  no  doubt  but  ores  were  dug 
up,  and  their  metallic  contents  extra&ed, 
long  before  the  invention  of  the  docimaftic  art; 
but  the  fuperior  induflry  of  later  times  has  dif- 
covered  the  neceility  of  making  trials  in  fmall, 
by  which  the  quality  and  goodnefs  of  the  ore 
being  previoufly  known,  unneceflary  expence 
may  often  be  timely  guarded  againft;  and,  as 
the  great  works  are  effefted  by  means  of  fire, 

it 
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h  was  thought  proper  to  employ  the  fame  agent 
in  the  lefler  experimenu.  The  firft  atterapu 
certaialy  were  extremely  rude)  but  repeated 
and  colleded  trials  have  gradually  advanced  it 
to  the  form  of  a  fcience,  or  rather  of  an  art; 
which,  although  no  doubt  long  concealed  in 
the  laboratory,  was  not  pubUihed  until  the  mid- 
dle of  the  1 6th  century.  The  firft  book  upon 
this  fubjed  is  generally  attributed  to  Lazaiis 
Broker;  this  was  publifhed  in  1574.  But  A- 
gricola,  in  his  feventh  book  de  Re  Metallica, 
publifhed  in  1576,  defcribed  both  the  inftru- 
ments  and  the  proceflfes,  and  illuftrated  them 
with  plates.  And  from  the  preface  to  the  Ars 
Docimaftica  of  Modeftinus  Fachs,  it  evidently 
appears,  that  the  manufcript  had  been  prefent* 
ed,  in  the  month  of  March  1567,  to  the  Elec- 
tor  of  Saxony,  though  it  was  not  publifhed  un- 
til after  Ercker's  book.  In  procefs  of  time  this 
art  became  hr  more  perfed ;  but  we  have  not 
leifure  to  purfue  it  through  its  fuccefiive  flates 
of  improvement. 

.  In  the '  docimafia  ficca  three  circumftances 
are  neceflarily  required  : — i.  That  the  metal 
contained  in  the  ore  be  all  reduced  to  a  complete 
form  ;  for  fuch  part  of  it  as  is  deficient  in  that 
refped,  cannot  be  united  with  the  eliquated 
metaL  2.  That  the  fame  be  colleded  into  one 
mafs  ;  for,  when  it  is  in  the  form  of  numerous 
fmall  grains,  fome  of  them  are  very  eaiily  feat- 

tered. 
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«nsod»  wd  4iiimUb  the  wdebt.    %.  flml  th 

uAia&ad  f^^oi  amft  iMfittUy  be  dliminWiri 
aarc  or  l«fr  by  cikmaimu 

All  thcfe  wquifitet  tn  frcqMolij  eSDAoi 
eoniPMdioiiflj  Md  peife&lf  enoi^  bf  lirii« 
i9  II  cn«cild«  vidi  iffq^MT  ftma  €if  cb^^ 
wM  tbo  om  b  frc«  bom  Mfimi^  ani  «nrr 
oibef  volatile  nuKtwre^  m4  it  ckbcr  entmrif 
vkbMt  auMdrUs  w  wuted  ta  ooe  wliicsb  il 
i[i»fible  by  a  modems  degrM  ^  bnt(  b«^  if 
tbg  matriiK  be  refiaftovj^  aotwHIiftimiim  4w 
lyioft  fubtilc  polvenzatioDa  k  wiU  cover  m^ 
viQtaUk  panideiy  and  tbw  prevent  tbcir  nds» 
tioo  rad  AifiQfl^  In  tUi  odfe  it  i$  Maefleiy  le 
eaifAoy  fwb  additamenu  «•  wt  ««|y  pfewen 
fixfioe,  but  occafioa  Aicb  a  d^grae  oi  umaigf  u 
may  luffer  tbe  regiiline  particles  t»  £dl  to  tht 
botloin.  To  this  tbey  are  aatusatty  diipoM 
by  their  great  fpediic  gravity ;  but,  a0vertb^ 
l^9»  if  the  mafe  be  tenacious  or  thick,  a«d  dipa- 
dally  if  they  themfelves  be  fmall  and  dU€Mt4» 
they  are  kept  floating  by  die  great  friQaon 
which  is  to  be  overcome  ia  their  defceM.  Thefe 
additameots,  which,  from  their  effaft^  aw  eiditd 
fii|j^e3,  are  of  a  falii;^  nature,  aad  muft  there* 
fore  neoaflaxjiy  rorrode  the  metals  more  or  Ms; 
as4  hence  the  fcoria^,  which  are  almoft  always 
tftogedt  ifWOkUk  a  quantity  of  caJemcd  mctaJ. 

Bot, 
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^otfjb  Itmg  ^swqrt  ^itfrt<  tf^Jur^  mtUmi 
rfmqfiaing  inkmfo  d^gnt^  ff  bm^  andfiUngm 
it  k  mc00ry  fpfietfum  tbfi  tferatim  ia  ckfi  vefi 
ffU^  to  prevent  the  accefii  of  air,  fo  bug  iriil  the 
fpvoe  aad  {>roper  oontimia&ce  of  the  fire  be,  m 
it  hai  bit^rto  been,  uncertaiiL  How,  bj  evcff|r 
czcefii  or  defed  ia  this  point,  ibmewhat  of  the 
r^ulus  ii  loft ;  fo  that  any  judgment  of  die 
goodnels  of  the  ore,  formed  from  the  weight  dF 
the  r^ulus,  muft  be  CUladous  and  uncertain^ 

AU  this  fufficicntly  ihewt,  that  experimcntt 
made  in  the  dry  way  are  fUIl  liable  to  many 
fittJa  and  hnperfeftions;  to  which  we  may  add 
lime  moee,  wu^^^Any  given  quantity  of  ore^ 
jiAjofted  to  trial,  ahnoft  always  exceeds  the  s^ 
gnfaii  t9  be  extraSed  from  it  very  much  in 
mp^.  J^w,  fi|ic«  it  is  ajypod  inipolEUe  ta 
«ro»4  »  cwt^in  lots  diiriiig  both  calcina^km  and 
fyif^n^  Uus  Iftfe  wJSX  he  the  moM  remarkable  at 
^  vnb  ii)tinat#ly  10  b^  ^^eigbed  beoomfi 
Ij^lieft  The  caG^  «i  ^uite  ^therwiTe  with  ok- 
perimenu  made  in  the  humid  way ;  fiar  hen 
|]b(i  Vfi^  cf  fedimeat,  from  which  the  quan^ 
tily  9f  the  content  is  judged,  is  never  leik,  but 
cSun  greater,  than  that  obtained  by  fire.  Let 
tbe  hk  ftkftajped  m  eaamining  equal  quantitica 
of  «r«  jn  both  way«  t>^  thei^one,  and  denoted 
tgF  <n)i  \^  ^  «x2||itity  of  nonius  oktained 
bf  &f  \fi  vstf^9(4  by  (iO$  thti  el  the  &4i- 

ment 
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'ment  colleftcd  in  the  humid  way  by  (mi)j 
and  the  true  value  of  the  regulus  will  be  a  4.  iii 
This  being  fuppo£ed,  as  (m)  is  never  leh  than 
unity,  it  is  obvious,  that,  except  in  cafe  of  eqoa* 
lity,  n :  a  t:^  n  :  m  a ;  and,  befides,  that  (n)  istht 
more  diminifhed  in  refpeft  to  (m  a)  in  propor« 
:tion  as  (m)  exceeds  unity  the  more.  The  cz« 
tamples  occurring  hereafter  will  illuftrate  thii 
truth  more  at  large. 

5  II*    General  Obfervattons  to  be  made  in  conduce 
iing  the  Procefs  of  Affdfmg  by  the  Via  Humda. 

'  Chemiftry  has  at  length  begun  to  examiae 
the  compoiition  of  ores  by  means  of  varioui 
menftrua ;  yet,  it  mud  be  confefled,  that  the 
fragments  of  the  humid  art  of  aflaying,  which 
have  hitherto  been  publiOied,  are  rather  to  be 
confidered  as  inftances  of  a  mixed  method,  in 
which  the  mineral  analyfis  is  accompliihed  part* 
ly  by  the  dry,  partly  by  the  humid  methods 
The  metallic  part  is  indeed  extracted  by  a  men* 
ftruum,  but  is  afterwards  reduced  by  fire.  In 
the  following  pages,  however,  I  (hall  endeavour 
to  point  out  means  by  which  the  end  may  be 
anfwered  in  the  humid  way  alone,  without  cal« 
cination  or  fufion. — It  is  by  no  means  my  in- 
tention to  depreciate  the  dry  way.  In  pradice, 
the  mod  commodious  and  moft  accurate  pro- 
ceflfes  ought  always  to  prevail }  but  a  due  com- 

parifoa 
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parifon  of  thefe  two  methods  can  never  be  in* 
ftituted,  nor  the  beft  methods  of  operation  cho« 
len,  fo  long  as  either  remains  clogged  with  dif- 
ficulties and  impediments.  In  the  profecution 
of  mineral  analyfis,  it  is  therefore  of  the  high- 
eft  moment  to  remove  thefe  difficulties;  for  the 
docimafia  (icca  conceals  and  confounds  many 
of  the  heterogeneous  admixtures;  and  if»  by 
means  of  the  humid  way,  thefe  can  be  all  fe- 
gregated  and  determined  as  to  quantity  and 
quality,  not  only  much  light  will  be  thrown  on 
mineralogy  and  metallurgy,  but  the  true  foun- 
dations of  thefe  fciences  laid,  as  any  perfon  who 
is  not  entirely  ignorant  of  them  may  readily 
perceive.  Very  often  it  is  ufeful  to  know,  not 
only  the  heterogeneous  metallic  fubftances, 
vhich  fometimes,  to  the  amount  of  three  or 
four,  are  mixed  with  the  extraded  regulus, 
but  frequently,  alfo,  the  occult  earthy  matrix ; 
and  yet  neither  of  thefe  can  be  accurately  dif- 
covered,  except  in  a  very  few  cafes,  by  the  dry 
method,  as  it  has  hitherto  been  pradifed ;  for 
it  is  evident,  that,  in  fufed  mafles,  the  admix- 
tures which  ought  to  be  removed,  are  the  bet- 
ter proteded  by  the  genuine  materials,  in  pro- 
portion as  the  former  are  more  diminiflied ; .  a 
circumftance  which  cannot  take  place  in  folu^ 
tions,  which  may  be  diluted  ad  libitum.  It  muft 
indeed  be  confefled,  that  experiments  ii>  the  hu- 
mid way  often  require  more  time^  more  care 
Vol.  II.  D4  and 
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and  pains;  but,  if  accurate  condufions  tre 
thereby  fupplied,  we  fliould  not  be  difficult 
about  flownefe.  fiefides,  in  many  cafes,  tlut 
method  4s  more  expeditious  than  the  other; 
and  that,  indeed,  almoft  always,  if  ive  are  ooa- 
tent  with  fuch  difcoveries  as  can  be  made  bj 
the  common  calcinations  and  iufions ;  nay, 
fometimes  the  dry  method  is  obvioufly  iafuffi- 
cient,  when  the  metallic  content  is  either  lerf 
fmall  or  volatile,  but  particularly  if  it  be  inflam* 
mable,  as  is  the  cafe  with  zinc« 

In  the  following  experiments,  an  afiay  cwt, 
was  always  employed,  unlefs  where  it  is  es- 
prefsly  mentioned  otherwife.  Condufions  fufp 
ficiently  accurate  may  indeed  be  often  obtained 
from  25  lb.  nay  fometimes  from  imaller  quan- 
tities. In  thefe  cafes  I  have  mentioned  the 
ufual  quantity,  applying  to  them  thofe  formuls 
of  calculation  which  are  founded  on  the  mutml 
proportions  of  the  proximate  principles  confti* 
tuting  metallic  falts,  and  which  are  determined 
in  another  place  (a)  from  the  weights  of  metal- 
lic precipitates.  By  an  eafy  fubflitution,  the 
fame  formulae  may  be  ufed  by  thofe  who  cm- 
ploy  ^  or  4-  cwt. 

The  ores  to  be  examined  fhould  be  reduced 
to  a  very  fubtile  powder  by  pulverization  and 
^lutriation. 

Vie 

(a)  See  the  Treatifc  on  the  Aaalyfis  of  Waters, 
§  XI.  and -this  Tieatife,  §  vi. 
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The  folutions  of  fuch  ores  as  contain  firiphur 
require  much  caution :  If  poffible,  the  vitriolic 
or  marine  acid  Ihould  be  employed;  for,  by 
continued  heat,  the  nitrous  acid  deftroys  the 
fulphur :  By  too  violent  an  heat,  alfo,  fome  of 
it  is  diflipated  in  vapours,  or  is  melted  into  glo- 
bules containing  heterogeneous  matters ;  there* 
fore,  if  it  can  be  done,  boiling  (hould  be  avoid* 
ed. 

All  the  precipitates  mud  carefully  be  wafhed, 
collefled,  dried,  and  weighed,  as  is  obvious* 
It  is  fufficient  here  to  mention  this,  to  avoid 
the  trouble  of  repetition.  Diftilled  water  Ihould 
oonftantly  be  ufed,  and  all  the  menftrua  care- 
fully depurated.  I  call  vitriolic  add  diluted, 
when  its  fpecific  gravity  is  below  1,3 ;  nitrous, 
when  below  1,2 }  and  the  marine,  when  below 

The  precipitations  Ihould  be  carefully  made 
(in  glafs  veffels),  fo  that  neither  by  the  deficien- 
cy of  the  precipitant  Ihall  any  thing  remain  in 
the  menftruum,  nor  by  its  abundance  any  thing 
be  re-diflblved.  The  clear  liquor  is  to  be  de- 
canted from  the  fediment,  water  poured  on  in 
its  place,  the  veflel  fhaken,  and  then  fuffered  to 
ftand  i  the  water  again  decanted  off,  and  fre(h 
poured  on,  until  it  no  longer  can  affed  cer- 
tain precipitants,  by  which  it  muft  be  exami- 
ned. 

D  d  2  This 
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TMs  being  done,  the  fediment  i$  to  be  col* 
leded  upon  a  filter  (firft  weighed)  made  of  pi> 
per  not  impregnated  with  alum,  dried  at  firft 
with  a  gentle  heat,  but  after  ej^pofed,  for  fife 
minutes,  in  a  clofe  glafs  veflel,  to  loo^  of  heat; 
upon  cooling,  it  is  to  be  weighed,  together  widi 
the  filter,  the  kngwn  weight  of  which  muft  af> 
terwards  be  fubduded.  The  beft  method  of 
wafbing  the  fediment  is  in  a  bottle ;  for  the  fil- 
ter, when  once  filled  with  a  faline  folution,  it 
not  without  great  difEculty  freed  from  it,  efpe^ 
cially  if  there  intervenes  a  delay  of  fome  houn» 

When  I  fpeak  of  an  alkaline  precipitant^  the 
mineral  alkali,  charged  to  faturation  with  acml 
acid,  is  alwc-^ys  to  be  underftood* 

The  alkali,  which  is  commonly  called  |diki> 
gifticated,  1  always  prepared  in  the  fame  way^ 
equal  weights  of  the  pureft  nitre  and  cream  of 
tartar,  well  pulveri:9ed  and  mixed,  are  heated 
in  the  ufual  w  ly  and  detonated.     The  common 
white  flux  is  t'rus  procured: — Half  an  ounce  of 
this  is  diflblved  in  a  cucurbit,  in  half  a  quadrans 
of  didillcd  wat.:r ;   then  in  a  digefling  heat  arc 
graJunily  added  twj  ounces  of  Prullian  blue, 
ciirciully  avoiding  fuch  an  etfcrvefcencc  of  the 
liquor   as   may  throw  any   thing   over,  wliidi 
ca'-iy   happens   if  the  quantity   be  too  large: 
Ihe  pigment   foon   \Mti  its   beautiful  colour, 
not   growing  red    but  bh  k,  wliich  evidenrly 
(hevvs  that  a  complete  decom|.oii:ion  has  not 

taken 
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taken  place.  The  Pruffian  blue  for  fale  is  not 
always  found  of  the  fame  quality.  That  which 
was  ufed  in  the  following  experiment,  contain* 
«d,  in  I  GO  parts,  77  of  clay,  and  only  23  of  the 
pigment ;  fo  that  if  it  be  thought  proper '^o  em* 
ploy  the  blue  made  without  any  alum,  221 
grains  will  faturate  the  half  ounce  of  alkaline 
lalt  more  completely  than  the  two  ounces  above 
prefcribed,  and  the  bulk  of  the  refiduum  is 
thereby  alfo  leflened.  Whatever  way  the  ope- 
ration be  performed,  after  the  addition  of  the 
lad  portion,  the  whole  mud  be  expofed  to  a 
ilronger  digefting  heat,  and  the  mafs  often  (lir- 
red  with  a  wooden  road :  If  the  liquor  be  too 
much  diminifhed  by  evaporation,  the  defed  muft 
be  fupplied  by  warm  water.  At  length  the  lixi- 
vium becoming  clear,  let  the  redduum  be  col- 
lefted  on  a  filtering  paper,  and  gradually  wafh- 
ed  with  warm  water,  until  all  the  foluble  part 
is  feparated.  If  the  operation  be  rightly  con* 
duded,  the  clear  liquor  amounts  to  an  whole 
quadrans,  of  a  brownifh  yellow,  and  fo  fatura* 
ted  as  not  to  make  paper  tinged  by  Brazil  wood 
blue ;  hence  the  colouring  principle  united  to 
the  alkaline  fait  feems  to  be  of  an  acid  nature ; 
but  the  Pruffian  blue,  and  other  metallic  preci- 
pitates of  the  fame  kind,  always  yield  on  didil- 
lation,  befides  an  unduous  matter,  a  didind 
volatile  alkali. 

The 
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The  lixivium  faturated  with  the  coloUilig 
matter  contains  alfo  a  fmall  portion  of  perfeft 
Pniflian  blue,  about  4  lb.  to  a  cwt.  of  the  al- 
kaline fait,  which  are  feparated  on  the  additioii 
of  the  acid :  Thefe  (hould  be  preyioufly  fqnu 
rated,  or,  what  is  better,  correded,  by  fubduo- 
ting  from  the  weight  of  the  fediment  16  aflay 
pounda  for  each  quadrans  of  the  UxiTittm* 
When  the  queftion  is  about  a  diftind  colour  it 
the  precipitate,  the  lixivium  mud  neceflarily  be 
employed  well  depurated :  Thofe  who  iiegleft 
this  precaution,  readily  perfuade  themielves  dot 
any  metal,  precipitated  by  our  lixivium,  caa 
put  on  the  blue  colour.    But,  if  the  qudtion  be 
only  about  the  weight,  let  the  lixivium,  ftiB 
loaded  with  a  fmall  portion  of  Pniflian  blu^  be 
dropped ;  however,  the  proper  correftion  mnft 
tiltimately  be  employed ;  for  the  precipitating 
acid,  in  a  fhort  time,  is  wont  alfo  to  weaken  the 
properties  of  the  lixivium,  and  even  to  deftroy 
them,  efpecially  in  a  warm  temperature.   Lime, 
whether  aerated  or  cauftic,  is  alfo  capable  of 
abflradling  a  colouring  fubftance  from  iron  and 
other  metals.     We  fhall  perhaps  fpeak,  in  an* 
other  place,  more  at  large  of  the  qualities  and 
properties  of  thefe  combinations,  here  we  only 
treat  of  their  preparation  and  ufe. 

In  the  precipitating  of  metals  by  metals,  it  11 
to  be  obferved,  that  the  acid  of  the  folution 
ought  to  be  fomewhat  predominant;  but  any 

more 
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mote  ccmfiderable  ezceft  mud  be  correded  oc« 
cafionally,  either  by  alkali^  water,  or  fpirit  of 
wine. 

S  111.    Ores  cf  Galdi 

Cold  occurs  in  the  bowels  of  the  eafth  na* 
five,  pofTeiling  a  complete  metallic  form,  al* 
though,  in  general,  the  fmall  particles  of  it  are 
fo  interfperfed  in  various  matrices,  that  they  are 
entirely  invifible;  it  is  alfo  found  mineralized^ 
that  is,  united  with  fulphur,  by  means  of  iron, 
or  fome  other  metal.  Thefe  two  fpedes  of  ore 
we  ihall  confider  feparately* 

(a)  Native  gold  is  very  feldom,  if  ever,  en« 
tirdy  free  from  heterogeneous  matters)  the 
mod  ufual  inquinaments  are  copper,  filver,  and 
fometimes  iron.  The  firft  of  thefe  remains  in 
the  menftruum,  and  may  be  feparately  cdllec- 
ted,  if  the  gold  be  diflblved  in  aqua  regia,  and 
precipitated  by  martial  vitriol  (§  viii.);  the  fe« 
cond  £dls  during  the  folutibn,  yielding  a  falited 
(Uver,  which,  waihed  and  dried,  fliews  the 
weight  of  the  filver  contained  ($  v.) ;  finally^ 
the  laft  is  difcovered  by  a  phlogifticated  alkali, 
and  is  eftimated  in  a  manner  elfewhere  defcri« 
bed  (S  !%.)•  The  precipitate  occafioned  by  the 
martial  vitriol  is  pure  gold  in  its  metallic  form, 
although  very  fubtilely  divided^  and,  therefore, 
^  weight  found  requires^  no  correction. 

D  d  4  From 
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From  the  preceding,  and  following  circtaOh 
flances,  it  appears  how  a  fmall  portion  of  gold^ 
inhering  in  the  ores  of  other  metals,  maj  be 
extrafled;  befides,  a  folution,  containing  the 
moft  minute  particle  of  gold,'  inftantly  produces 
the  purple  precipitate  of  Caffius^  with  a  folution 
of  tin  properly  prepared. 

(b)  As  to  the  ore  which  contains  gold  ad« 
hering  to,  and  furrounded  by  ftony  particles, 
firft,  a  determined  weight  is  to  be  reduced  to 
an  impalpable  powder,  by  triture  and  elutria- 
tion. 

Then  let  the  powder,  weighed  a  fecond  time^ 
be  boiled  in  aqua  regia,  fo  long  as  any  thing  u 
taken  up  by  the  menftruum ;  after  which,  let 
the  exhaufted  ore,  well  wafhed,  be  coUeQed, 
exficcated  to  ignition,  and  weighed. 

Let  the  clear  folution  (the  colour  of  which, 
in  fome  degree,  affords  a  method  of  judging) 
be  precipitated  in  the  ufual  way  by  martial  n- 
triol ;  the  precipitate  well  waflied,  dried,  and 
weighed,  (hews  the  gold,  which,  added  to  the 
weight  of  the  exhaufted  ore,  ought  to  equal  the 
original  weight,  unlefs  fomewhat  has  been  dif- 
perfed  by  the  pulverization,  or  unlefs  fome  of 
the  matrix  has  entered  the  menftruum:  The 
former  of  thefe  is  difcovered  by  comparing  the 
weights  before  and  after  pulverization,  the  lat- 
ter by  precipitants. 

WbcA 
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When  grains  of  gold  are  mixed  with  loofe 
earthy  particles,  they  are  fometimes  eafily  iepar 
rated  by  mechanical  application  of  water. 

(c)  Let  one  or  more  aflay  cwts.  of  the  gol- 
den pyrites,  reduced  to  powder,  be  gently  boil- 
,  ed  in  diluted  nitrous  acid,  or  rather  digged  in 
an  heat  of  50"^ — 80^,  left  the  fulphur  (hould  be 
deflroyed }  a  gentler  heat  even  is  neceflary  for 
this  purpofe,  that  the  fulphureous  particles^ 
gradually  feparating,  may  remain  in  their  na^ 
tural  ftate ;  for  if  they  fufe,  the  heterogeneous 
particles,  which  ought  to  be  removed,  will  be 
included  in  the  fufed  ma&. 

This  operation  muft  be  fo  conduced,  that 
the  menftruum  may  be  added  in  feveral  por- 
tions, at  each  turn  about  fix  times  the  weight 
of  the  ore ;  this  attacks  the  pyrites  with  an  ef« 
fervefcence,  occafioned  by  the  extrication  of  a 
large  quantity  of  nitrous  acid.  When  this  ef- 
hGt  ceafes,  another  portion  is  to  be  poured  on^ 
until  the  fulphur  is  obtained  pure,  and  marked 
with  its  genuine  colour.  This  procefs  general- 
ly requires  to  one  part  of  the  ore  from  1 2  to  16 
of  the  acid. 

Let  the  fulphur,  when  wafhed,  be  coUeded 
upon  a  filter,  dried,  and  weighed :  Whether  it 
be  pure  or  not  is  eafily  determined  by  the  cau- 
fUc  fixed  alkali. 

If  the  matrix  is  infoluble  in  the  menftruum, 
it  remains  at  the  bottom,  together  with  the 

goW, 
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gold,  trhkh  h  dUUnguiflied  by  its  pcculkr  ^du 
thmr  and  colour,  and  may  be  feparated  ftooi 
the  powder  of  the  matrui  by  careful  dutriatjoit 
The  particljsa  of  gold  do  not  aflume  the  form 
ti  impalpable  atomt,  but  of  grains,  very  finall 
indeed,  but  fuch  that  a  difceming  eye  will  rtadi* 
Jy  obftrve  their  angles  and  iaeqaatities }  and 
^ir  appearance  may  perhaps  lead  ta  a  fii^ 
don,  that  they  hare  been  rather  mixed  widi, 
Aan  difiblTed  by  die  pyrites. 

The  clear  fblution  is  generally  green }  let 
this  be  evaporated  to  dryneft,  then  ignited  and 
weighed.  If  there  be  other  metals  belidet  Inn 
prefent,  they  may  be  extra&ed  by  fuitable  men* 
ftrua }  copper  by  the  volatile  alkali ;  itiangamA^ 
Which  is  generally  prefent,  by  dilute  nitroos 
acid,  with  the  addition  of  a  little  fugar ;  m» 
by  any  menftruum,  although  this  is  fcarcdy 
ever  found  in  gold  pyrites ;  and  filver  by  pore 
nitrous  acid.  When  calcareous  earth  forms 
the  matrix,  it  unites  with  nitrous  acid,  and 
yields  a  nitrated  lime ;  when  clay,  it  forms  an 
alum  with  vitriolic  acid. 

The  fum  of  the  weights  of  all  the  ingredients 
fhould  be  equal  to  the  original  weight }  and, 
unlefs  feme  lofs  has  been  fuftained  during  the 
operation,  any  deficiency  is  to  be  attributed  to 
the  fulphur  deftroyed. 

(d)  I  have  as  yet  only  feen  one  fpecimen 
of  the  ore  of  Nagyay  j  this  confifts  of  a  gray 

quarts, 
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^Qartt,  and  a  white  matter  not  unlike  a  &ndy 
ftone,  idiich  is  taken  np  with  effervefcence  by 
acids,  without  imparting  any  tinge  to  the  meo- 
ftruunu  The  foluiion  forms,  widi  aerated  al« 
kali,  a  white  precipitate,  and  with  phlogiftica^ 
ted  alkali  a  browni0i  ydlow*  By  tiie  dry  me- 
thod, the  lame  matrix  foon  grows  black  in  the 
fire,  and,  according  to  drcumftances,  tinges 
microcofmic  lalt,  either  with  a  purple  colour^ 
or  does  not  tinge  it  at  all ;  it  is  therefore  (^) 
an  aerated  manganefe.  This  matrix  contains 
difperfed  in  it  lamellae  of  the  colour  of  lead,  or 
a  little  darker,  which  yields  to  the  knife :  Thefe, 
with  warm  aqua  r^ia,  grow  quickly  white, 
and  are  totally  difToked  with  effervefcence,  tin- 
ging the  menftruum  yellow ;  on  cooling,  the 
folution  depofits  acicular  cryiUls«  If  we  were 
provided  with  a  fuffident  quantity  of  the  or^ 
I  have  no  doubt  but  its  conilituent  principles 
might  be  feparated  in  the  humid  way  by  proper 
menftrua. 

S  IV.    Ores  cf  Platina. 

So  far  as  we  know,  the  metal  called  platina 
is  not  found  any  where  but  in  America,  and  is 
always  native.  The  only  metal  with  which  this 
is  conftantly  alloyed  is  iron,  the  greateft  part 

of 

(>)  Trcaiifc  on  the  White  Ores  of  Iron,  (  rii. 
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of  tirhich  may  be  feparated  by  repeatedly  boit 
ing  the  grains  of  platina,  reduced  to  as  fine  a 
powder  as  poffible,  in  marine  acid ;  in  this  way 
the  original  weight  is  generally  diminifhed  about 

0,05- 

The  platina  being  thus  depurated^  and  dt& 
fotved  in  aqua  regia,  eafily  difcovers  itfelf  by 
means  of  martial  yitriol,  if  any  gold  be  prefent : 
On  the  other  hand,  if  platina  contains  a  fmall 
portion  of  gold,  this  may,  for  the  mod  part,  be 
precipitated  by  any  neutral  fait  containing  rcr 
getable  or  volatile  alkali. 

5  V.    Ores  of  Silver. 

Silver,  befides  its  complete  form,  puts  on,  ii 
the  bowels  of  the  earth,  a  variety  of  forms, 
partly  united  with  fulphur,  either  alone,  or  with 
other  metals,  partly  mineralized  by  acids. 

(a)  Native  filver  is  generally  allayed  with 
gold  or  copper,  or  both  ;  the  filver  and  copper 
are  eafily  taken  up  by  nitrous  acid;  and,  if  any 
gold  be  prefent,  it  appears  at  the  bottom  like  a 
black  powder,  which,  by  folution  in  aqua  regis, 
and  precipitation  by  martial  vitriol,  may  be 
made  at  pleafure  to  aflume  a  more  metallic  ap- 
pearance. 

This  reparation  being  effefted,  the  copper 
remaining  in  the  liquor  may  eafily  be  colleSed 
by  means  of  iron,  or  aerated  alkali. 

There 
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There  has  lately  been  difcoyered  a  new  Ta* 
liety  of  filver  ore,  which  is  extremely  rich; 
this  is  found  in  two  diflferent  places,  namely,  at 
Andreaiberg  in  Hercynia,  and  at  Wittichen  in 
Fuftenberg ;  a  fpedmen  of  each  is  to  be  feen  in 
the  Academy's  coUedion.  That  of  Foftenberg 
has  the  appearance  of  irregular  grains  conglo* 
jnerated,  which  poflTefs  a  metallic  fplendour,  are 
a  little  yellow,  and,  together  with  native  filver^ 
are  contained  in  the  common  white  fpathum 
ponderofum., .  The  grains,  when  examined,  are 
found  to  contain  filver  allayed  with  a  fmall 
portion  of  regulus  of  antimony.  Thefe  metals 
may  be  feparated  by  concentrated  nitrous  acid  ; 
for  the  ftrft  is  thereby  diflblved,  and  the  latter 
corroded  into  a  white  ca|x«  Aqua  regia  takes 
up  the  antimony,  a  falited  filver  remaining  at 
the  bottom.  The  particles  of  this  ore  are  fome* 
what  malleable,  and  (hould  be  reduced  as  fine 
as  poffible  before  they  are  put  into  the  men* 
ftruum.  The  ore  of  Hercynia  is  called  butyra- 
ceous  ;  that  which  I  have  feen,  exhibited,  in  a 
calcareous  matrix,  very  thin  leaves  of  metal, 
the  fcarcity,  as  well  as  tenuity  of  which,  in  the 
above  mentioned  fpecimen,  prevented  me  from 
making  proper  experiments ;  fo  that  I  dare  not 
abfolutely  affirm  that  this  agrees  with  the  for- 
mer in  its  properties,  although  it  appears  very 
probable. 

(b)  sa- 
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(b)  Silrer  united  with  fuljAur  alone  is  blsdc, 
and  is  commonly  called  the  glaffy  ore  of  fiWen 
I.et  this,  divided  and  comminuted  as  much  9$ 
pofllble,  be  gently  hoiled  for  an  hour  in  25  ewt» 
of  diluted  nitrous  acid ;  the  liquor  being  de* 
canted,  let  the  operation  then  be  repeated  vriA 
an  equal  quantity  of  the  menftruum;  and,  os- 
lefs  the  pure  fulphur  be  now  feparated,  the  men* 
ftruum  is  to  be  employed  anew :  The  laft  par* 
deles  of  the  filver  adhere  obftinately  to  the  ful- 
phur :  If  any  gold  be  prefent,  it  remains  undif- 
folved  at  the  bottom. 

The  decanted  liquors  being  collected,  are  eo 
be  deprived  of  the  filver  by  the  addition  of  conw 
mon  fait ;  let  this,  when  coUeded,  wafhed,  and 
dried,  be  =»  a,  and  the  filver  required  will  «» 


«  »9 

Let  the  fulphur  be  weighed  feparately,  and 
its  weight,  added  to  the  above,  fhould  amount 
to  100  lb.  if  the  operation  has  been  righdy 
performed,  and  no  decompofition  of  the  fulphur 
has  taken  place. 

The  clear  liquor  which  paffes  in  filtering  the 
luna  cornea,  upon  the  addition  of  a  phlogifti- 
cated  alkali,  quickly  difcovers  the  foreign  metal 
accidentally  inhering  in  it :  And,  after  this  pre- 
cipitation, the  earthy  contents  are  exhibited  by 
a  fixed  alkali.  The  reliquias  of  the  infoluble 
matrix  are  with  difficulty  feparated  from  the 
fulphureous  particles  : — Let  the  fum   of  the 

weights 
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vdghts  be  fiifi  inquired,  then  let  ctnftic  alluu 
line  Ibdviam  be  poured  on,  and  the  fulphur 
diffi)Ived  in  a  gentle  digefting  heat  j  the  matrix 
dien  remains  alone,  and  its  we%ht  determines 
that  of  the  fulphur.  The  digeftion  rauft  not  be 
continued  longer  than  is  neceflary ;  for  the  61i» 
ceous  earth  is  alfo  capable  of  entering  die  lixi- 
vium. However,  this  inconvenience  is  not  very 
much  to  be  apprehended}  for  10  this  efed  the 
mechanical  diviflon  muft  be  fiu*  more  complete- 
ly  performed. 

(c)  Silver,  united  to  fulphur  and  arfenic 
jointly,  is  generally  diftinguiflied  by  iu  red  co« 
lour,  fometimes  beautifiiUy  pellucid,  refembling 
a  ruby ;  but  it  is  fometimes  gray,  metallic,  and 
opaque.  All  thefe  varieties,  however,  yield  z 
red  powder,  and  hence  it  is  called  the  red  ore 
of  filver. 

Let  this,  reduced  to  a  very  fubtile  pAwder^ 
be  twice  gently  boiled  in  diluted  nitrous  acid 
as  above  :  A  part  of  the  menflruum  being  de- 
canted off,  let  the  white  powder  which  remains 
at  the  bottom  be  well  waflied  with  diftilled  wa- 
ter :  Let  the  filver  be  precipitated  from  the  clear 
liquors,  colleded  by  means  of  fea-falt ;  and,  fi- 
nally, let  the  falited  fediment,  properly  treated, 
be  weighed  as  before. 

Let  the  white  powder  above  mentioned  be 
quickly  boiled  in  a  fufficient  quantity  of  aqua 
regia,  until  the  arfenic  be  diflblvcd,  and  the  ful- 
phur 
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pbor  appears  pure*  The  yellow  foludon,  aui< 
tiouily  decanted,  lets  falls  a  very  white  powder^ 
upon  the  addition  of  a  fuitable  portion  of  wi* 
ter ;  and  the  fmall  quantity  which  is  tali^en  up 
by  the  water  is  coUeded  by  evaporating  to  dry* 
nefs. 

The  fulphur  now  feparated,  though  it  appears 
pure,  yet  flill  contains  a  little  filver,  which  could 
not  eafily  be  feparated  before  by  the  nitrous  a«^ 
cid,  on  account  of  the  arfenic :  But,  when  the 
arfenic  is  taken  away  by  the  aqua  regia,  the  re- 
maining parts  of  the  filver  are  takeii  up  by  the 
marine  acid,  entangled  in  fulphureous  partidei* 
In  order,  therefore,  to  free  the  fulphur  from 
this  falited  filver,  let  caudle  volatile  alkali,  di- 
luted with  watery  be  poured  on,  and  kept  in  a 
wellclofed  veiTel  for  fome  days, — a  weight  of 
the  alkaline  liquor  equal  to  that  of  the  fulphur 
is  fufficient.  The  fulphur  being  weighed  before 
and  after  the  operation,  indicates  the  weight 
both  of  itfelf  and  of  the  falited  filver. 

If  any  iron  be  prefent,  which  I  have  feldom 
experienced,  it  may  be  difcovered  in  the  liquors 
firft  precipitated  with  the  fait  or  water,  by  means 
of  phlogifticated  alkali. 

(d)  Silver  united  with  fulphur,  arfenic,  and 
copper,  is  generally  called  the  white  ore  of  fil- 
ver, and  is  examined  in  the  following  manner: 
— Let  I  cwt.  of  the  ore,  reduced  to  powder,  be 
gently  boiled  for  an  hour  in  a  little  more  than 

twelve 
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twelve  times  its  weight  of  diluted  nitrous  acid. 
The  dry  powder  grows  black  and  foul ;  andj 
when  added  to  the  acid,  fends  forth  an  hepatic 
fmell,  a  portion  of  it  is  diffolved,  and  at  length 
a  white  refiduum  remains  at  the  bottom :  Upon 
fubfiding,  if  the  liquor  cannot  be  decanted  clear, 
let  it  be  filtered.  This  liquor  contains  the  fil* 
vcr  and  the  copper ;  the  former  of  thefe  cannot 
be  precipitated  alone  by.  muria,  becaufe  the  ' 
marine  acid  attrafls  the  copper  more  (Irongly. 
A  white  precipitate,  compofed  of  fmall  aciculas, 
18  indeed  thrown  down ;  but,  upon  expcfure  for 
fbme  days  to  the  rays  of  the  fun,  does  not  grow 
black  in  the  fmalleft  degree ;  and  it  confifts  of 
a  peculiar  combination  of  marine  acid,  filver, 
and  copper.  The  filver,  therefore,  in  this  cafe, 
is  to  be  precipitated  by  a  determined  weight  of 
copper ;  and,  afterwards,  the  copper  to  be  fepa- 
rated  by  iron  or  aerated  alkali  (§  viii.);  but 
the  ultimate  weight  is  to  be  diminiflied  by  that 
of  fuch  part  of  the  precipitant  as  has  entered  the 
menftruum. 

Let  the  white  refiduum  be  boiled  in  marine 
add,  and  precipitated  by  water ,  thus  we  obtain 
the  arfenic  with  a  fmall  portion  of  marine  acid, 
which  yet  it  retains  obilinately,  as  is  elfewhere 
obferved. 

The  arfenic  being  feparated,  the  fulphur  re- 
-   mains  alone,  and  muft  be  proved  by  volatile 

Vol.  II.  E  e  alkali, 
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alkali,  to  try  whether  it  ftUl  contains  any  oop 
per  or  falited  filver. 

(e)  Silver  mineralized  by  fulphur,  fometimes 
alfo  contains  antimony :  This  ore  often  formi 
capillary  threads  of  an  hoary  brown  colour: 
Let  this  be  gently  boiled,  or  rather  digefted, 
for  an  hour,  in  fix  times  its  weight  of  diluted 
nitrous  acid,  until  the  filver  is  diflblved,  and  all 
the  antimony  reduced  to  a  white  calx,  which, 
after  decanting  the  liquor,  may  be  feparated 
from  the  fulphur  by  marine  acid,  and  precipi- 
tated by  waten  The  folution  of  filver  is  to  be 
precipitated  by  muria,  and  i  cwt.  feldom  con* 
tains  more  than  four  ounces. 

(f)  Befides  fulphur  and  antimony,  there  if 
fometimes  alfo  prefent  copper  and  iron;  but 
the  experiment  in  this  cafe  may  be  conduced 
in  the  fame  way,  only  with  a  double  proportion 
of  acid.  Thefe  metals  all  remain  in  the  liquor, 
but  are  eafily  feparated  by  precipitating  the  fil- 
ver, by  means  of  copper ;  and  the  iron  by  zinc, 
or  an  alkaline  fait. 

(g)  We  fometimes  meet  with  filver  minera- 
lized by  fulphur  at  the  fame  time  containing 
iron :  But  in  the  ore  which  the  Germans  call 
weifertZy  filver  is  frequently  abfent,  fo  that  the 
filver  which  is  fometimes  difcovered  in  it  fecms 
to  be  native. 

(h)  Silver,  mineralized  by  the  marine  andvi* 
triolic  acids,  is  commonly  known  by  the  name 

of 
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of  corneous  ore  of  filver :  The  ccJour  of  this  is 
white,  green,  yellow,  violet,  or  black.  Two 
remarkable  varieties  of  it  occur,  the  one  may 
be  cut,  and  is  fomewhat  malleable ;  the  other 
brittle,  which,  befides  the  acid,  al(b  contains 
fulphur. 

Let  100  of  the  former,  comminuted  as  much 

as  poifible,  be  plunged  into  marine  acid,  and 

kept  for  one  day  in  a  digefting  heat,  fhaking 

the  mixture  from  time  to  time :    Let  the  liquor 

be  aftennrards  decanted  clear,  and  the  refiduum, 

previouily  well  wafhed  with  water,  be  added  to 

the  liquor :  Then  let  nitrated  terra  ponderofa 

.  be  gradually  dropped  in,  until  it  ceafes  to  oc- 

cafion  any  precipitation.    Suppofe  the  weight 

of  the  precipitate,  waihed  and  dried,  «=:  a ;  now 

Titriolated  terra  ponderofa,  whofe  weight  is  a, 

contains  of  add  0,15  a,  which  correfponds  virith 

Titriolated  filver  0,48  a;  for  from  100  of  vitriol 

of  iilver  68,75  of  i^etal  is  obtained  by  reduc* 

tion.     All  the  filver  is  not  precipitated  from 

nitrous  acid  by  the  vitriolated  mineral  alkali : 

The  falited   filver,  therefore,  will  be  100  — 

O948  a.     In  the  former  fall  the  filver  contained 

is  cxpreffed  by  0,33  a;  in  the  latter  by  75,19 

^-*  0,36  a;  and,  therefore,  the  fum  required  for 

the  100  will  be  75,19  — 0,03  a.      Ihefe,  and 

^e  following  formulae,  depend  upon  the  mutu<> 

al  proportion  of  the  principles,  and  the  weights 

«f  the  precipitates,  which  are  experimentally 

£  e  2  determined 
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determined  in  the  Traft  on  Metallic  Prcd 
tates  (§  VI.  a). 

The  brittle  horny  ore  alfo  contains  fulpt 
but  the  faline  part  may  be  extraded  by 
latile  alkali,  and  the  quantity  of  iilver  afi 
vrards  determined  by  the  method  above  m 
tioned  (r). 

§  VI,     Ores  of  Mercury. 

Mercury  is  afforded  by  nature,  either  natin 
or  mineralized, by  fulphur  or  acids. 

(a)  When  native,  it  is  eafily  diftinguiihit 
by  its  fluidity,  and  is  feldom  mixed  wicb  m 
other  metals  bui  gold,  filver,  or  bifmutb,  wttij 
frequently  exift  native,  and  are  very  ca%M 
luble  by  this  liquid  metal;  if  any  of  thdcW 
prefent,  the  firft  remains  at  the  bottom, 
the  mercury  is  diffolved  in  nitrous  acid; 
third  is  indeed  taken   up  by  the  me 


(c)  Artificial  f^ilited  filver  may,  without  anf  c 
derable  lofs  of  the  metal,  be  reduced  in  thefdi 
manner : — Let  the  mafs  be  mixed  with  an  cqa/^ 
of  alkaline  fait  in  a  glafs  mortar,  and  by  mtm* 
few  drops  of  water  be  formed  into  a  globule;  Itf* 
globule  be  put  into  a  crucible,  the  bottom  of  wl**' 
previoufly  been  (Irewcd  with  fal  fodz,  comprcW 
well  covered  with  the  fame  alkali;  an  heal fc*' 
for  fufion  being  then  applied,   the  whole  of  tlu' 
will  be  recovered  if  the  falitcd  filver  has  becnatf^ 
\j  colleaed. 
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but  precipitated  by  water;  and  the  fecond  is 
difcovered  by  fea-falt,  which  alfo  precipitates  at 
the  fame  time  a  falited  mercury,  which  is  eaiily 
feparable  by  its  greater  fol  ability. 

(b)  In  cinnabar,  the  union  between  the  ful- 
phur  and  the  metal  feems  to  be  more  complete 
than  in  other  mineralizations,  as  it  cannot  be 
decompofed  either  by  vitriolic,  nitrous,  or  ma- 
rine acid.  I  have  even  attempted  to  difunite 
them  by  a  folution  of  cauRic  fixed  alkali  in  wa- 
ter, and  by  boiling  for  many  hours,  but  in  vain. 
However,  there  are  two  ways  of  effecting  a  per- 
feft  decompofition ;  on^  by  gently  boiling  for 
an  hour  the  cinnabar  with  eight  times  its  weight 
of  an  aqua  regia,  one  fourth  of  which  confids 
of  marine  acid ;  the  other  by  boiling  it  in  ma- 
rine acid,  with  the  addition  of  7^  the  cinna- 
bar's weight  of  black  calx  of  manganefe.  In 
both  cafes  the  menftruum  is  the  fame,  namely, 
a  dephlogifticated  marine  acid ;  but,  in  the  firfl: 
cafe,  the  acid  is  dephlogifticated  by  the  nitrous 
acid,  in  the  latter  by  the  calx  of  manganefe ; 
the  former  is,  however,  the  beft,  as  no  hetero- 
geneous matter  is  fuperadded. 

By  whatever  method  the  metallic  part  of  the 
cinnabar  is  difTolved,  the  feparated  fulphur  may 
be  coUefted  by  a  filter,  and  the  mercury  pre- 
cipitated  by  zinc :  Copper  precipitates  falited 
mercury  in  a  more  imperfed  manner. 

Ee3  If 
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If  the  cinnabarine  ore  under  examination  be 
very  much  entangled  in  the  matrix,  it  muft  be 
freed  from  i^,  as  much  as  mechanically  can  be 
done,  by  lotion ;  then  the  foluble  parts  of  the 
matrix  taken  away  by  nitrous,  marine,  or  vitrio* 
lie  acid,  occafionally ;  and,  finally,  the  metal 
itfelf  feparated  by  aqua  regia. 

(c)  Mercury  has  alfo  lately  been  difcoYered 
mineralised  (^)  by  the  vitriolic  and  marine  a- 
cids.  I  he  former  may  be  feparated  by  the  help 
of  marine  acid,  by  trituration  or  digeftion^  and 
the  metal  precipitated  by  nitrated  terra  ponde- 
rofa ;  but  the  weight  of  the  new  earthy  fait  a, 
being  given,  we  can  eafily  learn  the  quantity 
of  metal  (as  before  obferved  §  v.) :  Yet  as  nif 
trated  mercury  is  not  totally  precipitated  by  vi* 
triolated  mineral  alkali,  we  muft  not  here  de^ 
pend  upon  the  weight  of  the  precipitate.  By 
another  procefs,  therefore,  we  obtained  from 
loo  of  vitriol  of  mercury  33,899  of  pure  metal, 
and  from  an  equal  weight  of  corrofive  fubli- 
mate  75,5  ;  from  whence  the  data  of  a  calcula- 
tion are  eafily  deduced  :  For,  let  the  quantity  of 
vitriolic  acid  ==  0,15  a  ;  the  vitriol  of  mercury 
containing  this  =  0,44  a ;  and  the  falited  mer- 
cury =  100  —  0,44  a.     In  the  former  fait  the 

mercury 

{i/}  Mr  Wonlfc  was  the  fiKI  wlio  dlfc^vcred  that 
thefe  two  acids  ad  as  mineralizing  fubllances  with  re- 
fpesfl  to  mercury. 
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mercury  conftitutes  0,29  a,  and  in  the  latter 
72,5  —  32  a ;  fo  that  the  whole  metallic  content 
in  100  ==  72,5  —  03  a.  But,  as  the  fcarcity  of 
this  ore  has  not  permitted  us  to  examine  it  fuf- 
ficiently,  we  are  ftill  ignorant  whether  the  fa- 
lited  part  is  to  be  compared  with  corrofive  Tub* 
limate  or  mercurius  dulcis ;  if  the  latter,  the 
calculation  comes  out  different ;  for,  in  the  lat- 
ter of  thefe  two  falts,  the  metal  forms  above 
0,91,  and  the  whole  content  is  exhibited  by  the 
following  formula;  91,1 8  +  0,29  a  —  0,40  a  = 
91,18  —  0,11  a. 

§  VII.     Ores  of  Lead. 

Whether  nature  ever  produces  lead  native  is 
ftill  in  difpute.  The  moft  common  ore  con- 
tains it  mineralized  by  fulphur,  generally  mixed 
with  filver,  fometimes  alfo  with  iron  and  anti- 
mony together.  That  which  is  commonly  call* 
ed  calciform  lead,  contains  the  metal  united 
mth  the  aerial  acid,  or  the  acid  of  phofphorus. 

(a)  Lead,  if  ever  found  native,  may  be  eafily 
examined,  as  to  purity,  by  means  of  nitrous 
acid,  which  difcovers  copper  both  by  its  blue 
colour  and  its  precipitation  by  iron ;  and  filver 
is  betrayed  by  the  addition  of  copper. 

(b)  When  united  with  fulphur,  and  freed 
from  any  matrix,  let  it  be  reduced  to  a  fine 
powder  \  let  this  be  boiled  in  nitrous  or  marine 

acid 
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acid  until  the  fulphur  is  obtained  pure,  collee- 
ted  on  a  filter,  wafhed,  and  dried.  Its  purity  is 
afcertained  by  cauftic  fixed  alkali. 

Let  the  folution  be  precipitated  by  aerated 
mineral  alkali,  when  the  lead  is  either  alone  or 
mixed  with  filver ;  in  the  former  cafe,  fuppo- 
fmg  the  weight  of  the  precipitate  =  a,  the  weight 
of  the  reguline  lead  will  be  '-^  J  ^  ^he  latter, 
let  the  filver  be  extra£^d  by  volatile  alkali,  and 
the  refiduum  multiplied  into  the  conftant  co- 
efficient f^|.'  will  exprefs  the  lead.  The  ae- 
rated filver  is  known  by  the  diminution  of 
weight ;  if  this  be  =  b,  then  the  filver  in  a  me- 
tallic form  =  V^\ 

The  lolutipn  made  in  marine  acid,  during  the 
operation,  depofits  a  large  quantity  pf  limited 
lead,  which  mud  be  diifolved  in  water  before 
the  precipitation. 

If  antimony  be  prefent,  this  is  fo  much  de- 
phlogiiiicated  by  concentrated  nitrous  acid,  that 
it  is  calcined  and  falls  to  the  bottom  :  The  gi- 
ven weight  of  this,  multiplied  by  the  conftant 
CO  efficient  -|— |-,  indicates  the  regulus  in  the  mu- 
riatic I'olutioa;  this  fLontaneoufly  falls,  upon 
drc  pping  in  water,  which  takes  up  the  falited 
leid. 

Iron,  which  yet  is  but  feldom  found  in  gale- 
na, may  thus  be  difcovcTed  : — Let  the  muriatic 
folution  be  firfl  fo  far  faturated  with  fixed  alka- 
^  that  the  acid  may  predominate  only  a  little, 

and 
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and  yet  all  precipitation  be  folicitoufly  avoided. 
This  being  done,  the  lead  will  be  precipitated 
by  a  polifhed  plate  of  iron,  added  during  boil- 
ing ;  as  alfo  will  the  filver,  which  is  almoft  al« 
ways  prefent :  Finally,  let  the  iron  be  precipi- 
tated by  aerated  or  phlogifticated  alkali  (§  ix.) ; 
and  its  weight  correfted  by  the  part  of  the  me- 
tallic plate  which  is  diflblved  during  the  pred- 
pitation. 

If  the  ore  contains  any  matrix,  this  is  either 
foluble,  and  may  at  firft  be  feparated  by  vine* 
gar,  or  elfe  is  infoluble  in  the  common  acids, 
and  is  found  colledted  at  the  bottom. 

(c)  Lead,  mineralized  by  aerial  acid,  and 
deprived  of  all  heterogeneous  foluble  mixture, 
may  be  diflfolved  in  nitrous  acid,  and  precipi- 
tated by  aerated  mineral  alkali ;  which  being 
done,  the  quantity  of  lead  is  known  by  the 
weight  of  the  precipitate,  as  before  (b). 

But,  if  the  matrix  containing  it  be  foluble, 
let  the  marine  acid  be  employed,  and  the  metal 
precipitated  by  iron,  as  above  dcfcribed. 

(d)  Lead,  mineralized  by  acid  of  phofpho- 
rus,  is  eafily  diltinguiihed.  100  of  this,  in  pow- 
der,  is  diflblved  in  nitrous  acid  by  means  of 
heat,  except  a  few  martial  particles,  which  ge- 
nerally remain  at  the  bottom.  The  diflblved 
lead,  upon  the  addition  of  vitriolic  acid,  imme- 
diately forms  a  Inowy  white  vitriol,  which  uafli- 
ed,  colicded,  and  d;ied,  may  be  luppofed  to 

weigh 
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weigh  a,  in  which  cafe  the  correfponding  lead 
is  =  TTT**  '^^  liquor  remaiaing  after  tlie 
precipitation  yields,  4>y  evaporation  to  drynefi, 
a  phofphoric  add. 

The  colour,  both  of  this  and  the  former  ore, 
is  owing  to  iron;  generally  they  are  green, 
fometimes  yellow,  but  rarely  red ;  they  occur 
white,  and  fometimes  pellucid  ;  and  all  affeft  a 
cryftalline,  efpecially  a  prifmatic  form. 

§  viii.     Ores  of  Cafper. 

Copper,  befides  its  metallic  form,  afiumes  a 
variety  of  (hapes  :  It  is  generally  united  with 
fulphur,  and  very  feldom  without  iron  j  but  it 
alfo  fometimes  occurs  mineralized  by  aerial, 
vitriolic,  and  even  by  marine  acid. 

(a)  Native  copper  readily  diffolves  in  nitrous 
acid ;  if  gold  be  prefent,  it  falls,  untouched,  to 
the  bottom,  in  form  of  a  black  powder ;  if  fil- 
ver,  it  is  foon  precipitated  by  copper  j  if  iron, 
by  boiling  the  folution  for  fome  time,  and  in* 
fpiffating  to  drynefs,  it  is  gradually  calcined, 
and  feparates. 

(b)  When  mineralized  by  fulphur,  let  it  be 
powdered,  and  gently  boiled  to  drynefs  in  five 
times  its  weight  of  concentrated  vitriolic  acid; 
let  the  refiduum  be  well  wafhed  with  water,  un* 
til  all  the  metallic  part  has  entered  the  men- 
ftruum. 

Tie 
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The  folution  requires  at  lead  a  portion  of 
water  equal  to  four  times  the  vitriol  which  is  to 
be  diflblved,  and,  therefore,  the  quantity  ibould 
be  adapted,  in  fome  degree,  to  the  goodnefs  of 
the  ore :  That  which  contains  0,05  of  copper 
requires  about  0,8  of  water,  and  fo  on.  Let  a 
polifhed  iron  plate,  about  twice  the  weight  of 
the  copper,  be  immerfed  in  the  folution  proper- 
ly diluted }  let  boiling  be  continued  until  no 
further  precipitate  is  occafioned.  If  the  quan- 
tity of  water  be  too  fmall,  the  precipitated  me- 
tal adheres  very  pertinacioufly  to  the  iron  plate, 
which,  by  a  proper  quantity,  is  always  com- 
pletely freed.  Let  the  precipitated  copper,  well 
wafhed,  be  fpeedily  dried ;  but  yet  with  fuch  a 
degree  of  heat  as  to  make  the  furface  of  the 
metal  of  different  colours,  which  inftantly  and 
lenfibly  increafes  the  weight. 

If  the  precipitated  copper  be  found  mixed 
with  iron,  which  is  fometimes  the  cafe,  efpe- 
cially  in  the  examination  of  a  poor  ore,  this 
mud  be  again  diflfolved,  to  obtain  a  richer  fo- 
lution ;  which  depofits  pure  copper,  if  the  ope- 
ration be  conduced  as  above  defcribed.  The 
lame  circumftance  takes  place  in  the  precipita- 
tion of  filver  by  copper  ;  a  rich  folution  yields 
the  metal  pure,  but  a  poor  one  yields  ic  allayed 
with  copper. 

If  the  copper  to  be  precipitated  contains 
other  metals,  thefe  may  eafily  be  feparated  by 

folution 


444  OF  THE  ART  OF  ASSAYING 

folution  in  the  nitrous  acid.  Gold  remains  at 
the  bottom,  undiflblved,  in  the  form  of  a  black 
powder ;  and  filver  precipitates  upon  a  copper 
plate. 

During  this  procefs,  the  whole,  or  a  great 
part  of  the  fulphur,  flies  off  by  the  intenfe  heit 
neceffary  for  evaporating  the  vitriolic  add  to 
drynefs  ;  yet  its  quantity  may,  in  fome  degree^ 
be  judged  from  the  fum  of  the  weights  of  die 
other  ingredients,  compared  with  the  weight  of 
the  whole ;  befides,  if  thought  neceflary,  a  fo- 
lution in  aqua  regia  may  be  made,  for  the  pur- 
pofe  of  colle£ling  the  fulphur. 

(c)  Copper,  mineralized  by  aerial  add,  is  of 
an  elegant  green  colour,  and  is  commonly  oil- 
ed malachites }  to  this  alfo  belongs  the  grees 
filken  ore  of  copper,  which  is  of  the  fame  na- 
ture. Thefe  ores,  when  pure,  are  totally  fo- 
luble  in  acids,  and  may  be  precipitated  either 
by  iron  or  aerated  alkali.  In  the  latter  cafe, 
fuppofmg  the  weight  of  the  precipitate  to  be=a, 
the  metallic  copper  contained  will  be  f|^*  (i). 

If 

(i)  The  illuftrious  Fontana  was  the  firft  who  deter- 
mined the  true  nature  of  the  malachites.  He  found 
that  It  contains  y  of  calcined  copper,  ^  of  aerial  acid, 
and  about  ^V  of  water.  The  fame  principles  he  difcovcr- 
cd  in  the  green  filken  ore,  their  proportions  only  being 
fomewhat  varied.  This  obtains  alfo  with  rcfpe«ft  to 
the  blue  ore ;  but  in  this  the  aerial  acid  forms  a  brger 

part 
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If  calcareous  earth  be  mixed,  which  fome- 
times  happens,  this  may  be  thrown  down  by 
aerated  alkali,  after  the  precipitation  of  the  me- 
tal by  phlogifticated  alkali. 

Calciform  blue  copper  confifts  alfo  of  copper 
mineralized  by  aerial  acid.  Its  principles  are 
dlfcovered  in  the  fame  way. 

Calciform  red  copper,  or  of  a  brownifh  red, 
is  called  by  Mr  Cronftedt  the  glafly  ore  of  cop- 
per. This  alfo  is  totally,  or  for  the  mod  part, 
diflblved,  and  that  with  an  effervefcence,  though 
fomewhat  weaker  than  the  other;  fo  that  it  is 
doubtful  whether  any  calciform  ore  of  copper 
is  entirely  deftitute  of  aerial  acid.  I  have  not 
feen  the  red  pellucid  ore  lately  difcovered  and 
defcribed  by  Mr  Sage. 

I  have  examined  in  many  diflferent  ways  the 
red  quartz,  which  is  fuppofed  by  Mr  Cronftedt 
(it)  to  contain  fuch  a  calx.  The  volatile  alkali 
did  not  extraft  any  copper,  nor  did  the  vitrio- 
lic acid,  though  abftraded  to  drynefs.  As  the 
filiceous  matrixes  hardly  admit  the  menftrua,  I 
added  a  portion  of  the  mineral  fiuor  to  the  vi- 
triolic acid ;  for  the  fluor  acid,  when  expelled, 
attacks  the  quartofe  particles,  fo  as  to  fet  at  li- 
berty 

part  of  the  whole,  amonnting  nearly  to  *.  or  4. ;  on  the 
other  handy  in  the  fpecimens  which,  have  been  exa* 
mined,  the  proportion  of  the  water  is  diminilhed  bj  yV 


to 
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berty  even  the  laft  portions  of  copper ;  but  al« 
though  this  experiment  always  fucceeds  when 
co[^er  is  prefent,  yet,  in  the  inftance  of  this 
ore,  not  the  fmalleft  (ign  of  that  metal  could  be 
difcovered;  and,  therefore,  it  is  not  wkhout 
reafon  that  we  doubt  of  its  prefence* 

(d)  Copper,  mineralized  by  vitriolic  acid,  19 
no  other  than  the  common  blue  vitriol,  i?hich 
fometimes  occurs  native.  Tlie  copper  ic  con« 
tains  is  eafily  precipitated  by  iron  in  the  man- 
ner  above  deicribed. 

(e)  In  the  coUeftion  of  fhe  Academy  of  Up« 
ial,  there  occurs  a  fpedmen  of  a  dilute  greenilh 
red,  friable,  and  of  fmali  fpeci&c  gravity,  vhich 
difToives  virith  effervefcence  in  nitrous  acid,  im« 
parting  a  green  colour  to  the  menftruum.  Up* 
on  the  addition  of  iron  the  copper  is  precipi- 
tated ;  and  upon  dropping  in  a  folution  of  fiU 
ver,  a  white  coagulum  is  leparated,  being  a  ge- 
nuine  falited  filver ;  fo  that  no  doubt  can  be 
entertained  of  the  prefence  of  marine  acid,  an 
opinion  which  is  alfo  eftabliflied  by  the  via  (ic- 
ca  in  many  ways,  which  1  here  pafs  over. 

We  find  veftiges  of  the  fame  acid  in  the  beau- 
tiful green  ore  of  Saxony,  which  is  cubic  or 
fquamous,  and  has  been  referred  to  the  fpecies 
of  mica  or  talc.  I  have  lately,  by  favour  of 
Mr  Werner,  had  an  opportunity  of  examining 
a  fpecimcn  interfperfed  as  it  were  with  this  fub- 
ftance.     It  diflblves  totally  in  nitrous  acid,  and 

acquires 
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acquires  a  green  colour :  The  copper  is  difco* 
vered  by  many  predpitants,  as  by  iron,  by  vo« 
latile  and  phlogifiicated  alkali ;  but  the  marine 
acid  is  difcovered  with  hr  more  difficulty ;  yet, 
upon  dropping  in  a  fblution  of  filver,  a  true 
luna  cornea  falls,  but  in  (mall  quantity;  there 
appears  a  portion  of  green  fcales,  which  did  not 
.  weigh  one  grain.  The  fmallnefs  of  the  quanti- 
ty  prevent^  me  from  making  any  further  ex- 
periment ;  but  thofe  already  made  put  it  be- 
yond doubt  that  diis  deferves  a  place  among 
the  ores  of  copper;  it  contains  alfo  a  little  clay; 
but  the  quantity  remains  to  be  determined  by 
experiment  on  larger  quantities. 

5  IX.     Ores  €f  Ir02. 

Traces  of  this  moft  common  of  all  metals 
are  found  almoft  every  where  in  the  mineral 
kingdom ;  yet  the  ores  which  contain  it  in  con* 
fiderable  quantity  prefent  it  either  mineralized 
by  fulphur,  or  more  or  lefs  calcined :  It  is  rare- 
ly  found  united  with  vitriolic  acid ;  and  very 
feldom  in  a  complete  metallic  form. 

(a)  Mineralogifts  are  not  yet  agreed  whether 
iron  be  found  native.  Concerning  that  of  Si- 
beria,  a  difpute  is  ftill  carylng  on ;  and,  indeed, 
it  cannot  be  denied  but  that  the  cavities  in  the 
iron  mals  fhew  it  to  have  been  fufed,  and  as  it 
were  inflated  by  fpumefcence;  yet  many  cir- 

cumftances 
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cumftances  feem  to  indicate,  that,  if  this  operz- 
tion  ever  took  place,  it  was  performed  without 
the  aififtance  of  art.  The  ftoney  matter  which 
fills  all  the  cavities  is  of  a  very  different  nature 
from  the  fcoriae  produced  in  our  furnaces.  To 
pafs  over  its  fituation,  and  other  circumftances, 
the  iron  itfelf,  when  cold,  or  moderately  warm, 
is  found  to  be  very  tenacious  and  malleable; 
but  when  made  red  hot  becomes  brittle,  bat 
exhibits  altogether  the  lame  phaenomena,  when 
examined  by  the  via  ficca,  as  forged  iron ;  with 
marine  acid  it  diffufes  an  hepatic  odour,  which 
evidently  fhews  the  prefence  of  fulphur,  phlo- 
gifton,  and  the  matter  of  heat,  ais  without  thefe 
no  fuch  fmell  ever  arireSt  It  is  probable  that 
the  matter  of  heat  is  taken  from  the  fire  by  the 
metals  in  fulion ;  yet  we  cannot  therefore  cer- 
tainly conclude,  that  every  thing  which  contains 
the  matter  of  heat  has  been  expofed  to  fire: 
Andy  fuppofmg  that  the  Siberian  iron  has  un* 
dergone  fufion,  it  cannot  from  thence  be  infer* 
red,  that  this  has  been  occafioned  by  art.  But 
this  very  rare  mineral  deferves  to  be  feparately 
and  particularly  examined. 

Ores  of  iron  are  frequently  found  in  Sweden 
fo  perfcd  as  to  be  obedient  to  the  magnet,  nay, 
fometimes  are  themfelves  magnetic  ;  but  thefe, 
both  with  refped  to  the  cflenftrua,  and  other 
properties,  diflfer  from  iron  eliquated  by  fire. 
Such  iron  as  may  properly  be  called  native  mar 

yet 
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yet  be  brittle ;  for  that  which  is  extraSed  artt- 
ficiallj,  and  is  malleable,  eafily  cohtrads  brittle- 
nefs,  but  mud  with  menftrua  preferve  the  fame 
habits  as  the  forged. 

(b)  The  attradive  and  magnetic  ores,  though 
they  do  not  contain  much  fulphur,  yet  are  fel- 
dom  entirely  widiout  it ;  but  none  of  it  could 
be  extra&ed  by  menftrua. 

Such  as  are  faturated  with  fulphur^  are  call- 
ed fulphureous  pyrites,  as  nothing  but  fulphut 
is  extraded  from  thefej  for  although  they  fome- 
times  contain  enough  of  the  metal  to  pay  the 
expence  of  eliquation,  yet  the  metal  extra&ed 
by  its  brittlenefs  is  rendered  intradable  in  the 
fire;  and,  expofed  to  the  open  air,  eafily  falls 
into  a  rufti 

(c)  Iron,  mineralized  by  vitriolic  acid,  is 
produced  daily  by  the  fpontaneous  decompofi- 
don  of  pyrites,  which  is  again  gradually  fo  de- 
^logifticated  as  at  length  to  lofe  all  connexion 
with  the  acid.  Thefe  vitriolic  reliquias,  wafhed 
away  and  depofited  in  lower  fituations,  perhaps 
generate  the  ores  of  lakes  and  marfhes. 

(d)  The  haematites  yield  a  calx  of  iron  un- 
der various  forms,  of  an  iron  colourj  a  red,  a 
black,  or  a  yellow.  Other  ores  alfo  contain  it, 
but  of  a  lax  and  powdery  texture,  generally 
mixed  with  other  earths. 

Whether  any  of  thefe  ores  contain  iron  na- 
turally mineralized  by  aerial  acid  in  the  bofom 
Vol.  1L  F  f  pf 
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t>f  the  earth,  is  yet  unknown.  Artificially,  thii 
fubtile  acid  is  greedily  taken  up ;  but  all  the 
natural  calxes  of  iron  hitherto  examined  Ihcw 
no  figns  of  it,  except  the  white  ores  of  iron; 
but,  as  thefe  contain  aerated  manganefe  and 
calcareous  earth,  it  is  doubtful  whether  tbe 
martial  particles  contribute  to  fumifh  any  of 
the  aerial  acid  extricable  from  thefe  ores. 

(e)  All  the  ores  of  iron,  reduced  to  a  Tcry 
fubtile  powder,  and  repeatedly  boiled  in  mariDC 
acid,  yield  up  the  metal.  If  the  pyrites  are 
more  flowly  diflblved,  the  addition  of  a  finaH 
quantity  of  nilrous  acid  accelerates  the  opera- 
tion. 

The  iron  being  extraSed,  the  matrix,  if  in- 
foluble,  remains.  Now,  in  order  to  obtain  the 
metal  alone,  let  it  be  all  feparated  by  phlogifti- 
cated  alkali.  Sjippofe  the  precipitate,  when 
wafhed  and  dried,  =  a,  then  the  correfponding 
quantity  of  metallic  iron  will  be  ^ ;  but  this  for* 
mula  muft  be  corredled  according  to  the  quan- 
tity of  the  precipitant,  as  before  obferved  (§  ii.) 

That  which  is  of  itfelf  foluble,  by  means  of 
vitriolic  acid,  requires  nothing  but  water  to  pre- 
cipitate by  phlogifticated  alkali. 

Manganefe  is  frequently  united  with  hoo, 
and  is  difcovered,  without  difficulty,  by  imracr- 
fing  the  blue  fediment  (carefully  weighed)  in 
water  fharpened  by  nitrous  acid,  by  which  ihc 
part  arifing  from  the  manganefe  is  diflblved,  as 
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fliaU  fee  hereafter  (§  xvii.).    Other  me- 
3s  of  effefting  this  are  defcribed  elfewhere 

• 

^des  this  metal,  there  are  others  which 
$r  the  ores  of  iron  in  ftill  larger  quantities, 
jeh,  for  the  moft  part,  render  the  ores  ufe- 

by  imparting  noxious  qualities  to  the  eli- 
'  ed  iron. — ^We  fhall  fpeak  of  zinc,  &c«  and 

he  manner  in  which  they  are  to  be  fepara* 
[  in  their  proper  places. 

\  5  X.     Ores  of  Tin. 

l|my  teftimonies  concur  in  aflerting  that  tin 
lind  native  in  England  ;  but  I  have  never 
ith  any  fpecimen  of  it. 
the  ores  of  tin  almoft  always  prefervc 
le  cryftalline  nature,  although  the  grains 
ten  found  fo  fubtilely  difperfed  in  diffe- 
atrixes  as  entirely  to  elude  the  fight.  I 
lately  obtained  a  peculiar  variety  found  in 
id,  which,  confilting  of  contiguous  fphae- 
(rata,  and  radii  proceeding  from  a  center, 
mch  refembles  the  brown  haematites.  In 
fe  tin  is  prefent,  (imply  calciform,  and  in- 
in  filiceous  particles ;  and,  fo  far  as  is 
lown,  never  mineralized,  either  by  marine 
d  acid,  or  by  fulphur.  The  abfence  of 
F  f  2  the 

Eflay  on  the  White  Orci  of  Iron,  §  riiif 
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the  latter  is  the  more  extraordinary,  as  this  mi- 
neralizing fubftance  is  produced  by  nature  in 
great  quantities,  and  is  artificially  united  to  tin 
with  great  eafe. 

(a)  The  examination  of  tin  by  the  humid 
method  is  attended  -with  no  difficulty ;  for  the 
addition  of  nitrous  acid  quickly  deprives  it  fo 
far  of  its  phlogifton,  ^s  to  reduce  it  all  to  a 
white  calx  ;  the  iron  and  copper,  if  any  be  pre- 
fent,  remaining  in  the  liquor,  loo  parts  of 
tin,  corroded  by  nitrous  acid,  wafhed  and  dried, 
yield  140  of  white  calx :  Arfenic  may  be  fepa- 
rated  by  wafhing  the  calx  with  large  quantities 
of  warm  water ;  for  but  little  enters  the  ackl 
menftruum.  The  other  metals  are  but  rarely 
united  with  truly  native  tin. 

(b)  The  pure  ore  is  commonly  called,  ac- 
cording to  the  magnitude  of  its  cryftals,  zinn- 
graujfen^  or  zwitter.  The  examination  of  thcfe 
forms  is  the  great  difficulty  of  the  humid  me- 
thod, as  they  are  not  a£ted  upon  effedually  ei- 
ther by  vitriolic,  nitrous,  or  marine  acid,  or  by 
aqua  regia. 

The  reafon  of  this  pertinacity  is,  that  the 
calx,  being  well  dephlogifticated,  is  either  not 
taken  up  at  all,  or  very  fparingly,  and  is  bcfides 
involved  ia  ftoney  particles,  which  elude  the 
aflion  of  the  acids.  The  method  by  which  this 
procefs  feems  to  be  mofl  nearly  effeiaed,  is  as 
fgllows : — 

To 
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To  a  very  fubtile  powder  of  this  ore,  obtain- 
ed not  only  by  levigation  but  elutriation,  let 
there  be  added  a  quantity  of  concentrated  vi- 
triolic  acid,  and  let  this  be  expofed  to  a  ftrong 
digefting  beat  for  feveral  hours ;  then  let  there 
be  poured  on  a  fmall  portion  of  concentrated 
marine  acid,  and,  upon  agitating  it,  a  vehement 
effervefcence  immediately  begins  with  confide* 
rable  heat,  arifing  from  the  marine  acid,  which 
is  panly  deprived  of  its  water  by  the  vitriolic, 
and  generates  a  marine  acid  air:  By  this  me- 
thod the  forces  of  the  two  acids  are  conjoined* 
After  the  fpace  of  about  an  hour,  let  water  be 
added,  and,  upon  fubfiding,  the  clear  liquor 
decanted.  This  operation  is  to  be  repeated 
with  the  refiduum,  until  the  acids  can  diifolve 
no  more. 

What  remains  finally  undiifolved,  is  nothing 
more  than  the  floney  matrix. 

Let  the  folution,  precipitated  by  means  of 
aerated  alkali  ==  a,  and  the  quantity  of  regulus 
fought  will  be  fff  a. 

The  fubtile  atoms  of  the  cryftalline  ore,  inti- 
mately  mixed  with  any  matrix,  may,  after  due 
pulverization,  be  feparated,  by  waffling  from  a 
given  portion,  as  the  cryftals  are  nearly  of  fix 
times  greater  fpecific  gravity  than  water;  fo 
that  they  not  only  exceed  the  earthy  particles, 
but  the  ores  of  other  metals,  and  approach  evea 
(Q  the  lighter  metals  themfelves.  The  cryfial- 
F  f  3  hne 


454         0^  THE  ART  OF  ASSAYING 

line  particles,  after  being  feparated,  are  expoU 
to  the  trial  above  defcribed ;  the  larger  diffinft 
cryftals  can  feldom  be  employed:  The  mot 
common  ore  contains  particles  of  them  ?ery 
much  difperfed. 

The  adventitious  metals  ufually  found  in  ores 
bf  tin,  are  copper  and  iron. 

§  XI.    Ores  of  Bifmtab. 

Bifmuth,  which  is  the  mod  ponderous  of  the 
femi-metals,  occurs  partly  native,  partly  IniD^ 
talized  by  fulphur,  and  fometimes,  perfaapii 
even  by  the  aerial  acid.  Some  deny  that  dui 
metal  is  found  naturally  united  with  fulphnr,. 
but  without  foundation ;  for,  although  fuch  hs 
not  yet  been  found  in  Germany,  it  is  undoubt- 
edly obtained  in  many  mountains  of  Sweden, 
efpecially  at  Ridderhyttan  in  Weftmania.  &!• 
ciform  bifmuth  is  of  a  white  colour,  b.ut  it  rare-  .1 
ly  occurs  j  fo  that  it  cannot  yet  be  certainly  de- 
termined whether  it  be  mineralized  byaerU 
acid  or  not. 

(a)  Native  bifmuth  is  eafily  taken  up  bj  m- 
trous  acid,  and  may  then  be  precipitated  bf 
water;  which  done,  if  any  other  metals  ait 
mixed  with  it,  they  remain  in  the  liquor,  and 
may  be*  feparated,  as  above  defcribed,  in  vari- 
ous places. 
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(b)  When  mineralized  by  fulphur,  it  is  de- 
compofed  by  flight  boiling  in  the  fame  men- 
ihuum ;  fo  that  the  fulphur  may  be  at  lad  ob- 
tained, which,  when  waflied  and  coUefted,  is  to 
be  examined  as  to  its  purity  and  quantity. 

The  folution  of  the  metallic  part,  precipitated 
by  water,  yields  a  white  calx ;  let  its  weight 
=  a,  and  that  of  the  correfponding  metal  will 

DC  YTT  • 

In  thefe  mineralizations  iron  is  fometimes 
found,  which,  after  the  feparation  of  the  bif« 
muth,  is  eafily  difcoverable. 

(c)  Calciform  bifmuth,  whether  alone,  or 
mineralized  by  aerial  acid,  alfo  enters  the  ni-. 
trous  acid,  and  may  be  precipitated  hy  water, 
upon  which  the  heterogeneous  matters  remain' 
in  the  liquor.  ITie  prefence  of  cobalt  is  difco*^ 
verable  immediately,  by  its  communicating  a 
Ted  colour. 

S  XII.     Ores  of  Nickel. 

Nickel  is  found,  but  very  fparingly,  mixed 
vriih  other  matters,  yet  it  appears  uader  a  vari- 
ety of  fornix ;-  fometime*  native,  or  united  with 
a  little  fulphur,  yet;  st  the  liime  time,  intimate- 
ly united  with  iron,  cobalt,  and  arfenic  ;  fo  that^ 
thefe  adventitious  metals  cannot  be  feparated 
without  much  difficulty,  and  the  iron  hither- 
to 
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to  but  imperfedly;  but  it  occurs  minenli- 
zed  by  the  vitriolic,  and  poifil)ly  by  the  aerial 
acid. 

(a)  Native  nickel  is  taken  up  by  nitrous 
acid,  and,  when  precipitated  by  aerated  alkali, 
yields  a  calx  which  almoft  always  contains  iron, 
arfenic,  and  cobalt,  in  the  fame  proportions  in 
which  they  generally  accompany  the  regulos 
eliquated  in  the  ufual  way :  If  filver  and  bif* 
muth  happen  to  be  alfo  prefent,  which  yet  is 
very  rarely  the  cafe,  the  former  is  to  be  pred* 
pitated  by  muria  before  the  alkali  is  employed. 

(b)  If  fulphur  be  prefent,  it  may  be  feparated 
and  collefted  during  folution. 

(c)  Nickel,  mineralized  by  vitriolic  acid,  is 
fcarcely  ever  without  iron ;  a  great  part  of  tin 
martial  inquinament  is  feparated  by  long  and 
violent  boiling  in  water.  Aerated  alkali  throws 
down  a  greenifh  white  precipitate :  Let  the 
weight  of  this  =  a,  and  the  common  regulinc 
nickel  is  =  ^Y' 

(dJ  The  fame  metal,  mineralized  by  aerial 
acid,  is  diiTolved  by  the  nitrous  acid,  and  pred* 
pitated  by  means  of  aerated  alkali. 

A  more  complete  account  of  the  examination 
of  this  metal  may  be  found  in  a  preceding  trear 

§  xiu, 
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S  XIII.     Ores  of  Arfenic. 

Arfenic  is  produced  by  nature,  both  regu- 
line,  mineralized  by  fulphur,  and  calciform. 

(a)  If  the  purity  of  native  arfenic  is  to  be 
examined,  let  it  be  diflblved  in  four  times  its 
weight  of  aqua  regia,  and  the  folution  ilowly 
evaporated,  without  any  feparation  of  the  me- 
tal ;  after  this,  let  the  arfenic  be  precipitated  by 
water,  and  coUeded  upon  a  filter ;  the  clear  li« 
quor  which  pafles  through  will  contain  the  he- 
terogeneous metals :  If  any  filver  be  prefent,  it 
feizes  the  marine  acid,  and  falls  to  the  bottom. 

Iron  is  fcarce  ever  entirely  abfent,  and  is  fre- 
quently  in  fuch  quantity  that  the  mafs  appears 
poliflied,  moft  commonly  cryftalline,  and  is  vul- 
garly known  by  the  name  of  miflfpickel,  which 
is  with  juflice  confidered  as  belonging  to  native 
arfenic,  as  it  neither  contains  any  fulphur,  nor 
any  mineralizing  acid.  It  muft,  indeed,  be  con- 
fefled,  that  arfenic  itfelf  is  nothing  more  than  a 
peculiar  acid  coagulated  by  phlogiilon,  in  a 
manner  fimilar  to  fulphur ;  but  the  fame  thing 
is  perhaps  true  of  all  the  metals ;  and,  befides, 
the  acid  of  arfenic,  when  loaded  with  phlogif^ 
ton,  puts  off  its  acid  nature,  and,  therefore,  in 
that  cafe  cannot  be  looked  upon  as  a  minerali- 
zing fubftance>;  but  if,  at  any  tipip,  it  (hall  be 
^;ind  in  the  bofom  of  the  earth,  united  in  the 

manner* 
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manner  of  an  acid  menftruum  to  any  metal,  it 
then,  beyond  doubt,  is  to  be  coziiidered  as  a 
mineralizing  fubftance. 

(b)  Let  arfenic,  mineralized  by  fulphur,  be 
diflblved  in  marine  acid,  with  the  addition  oC 
the  nitrous  occafionally,  in  greater  ^r  lefler 
quantity,  fo  that  the  fulphur  may  be  fqwated 
free  from  all  the  metallic  matter.  The  ful^ihiir 
coUeded,  wafhed,  and  weighed,  indicates  tbe 
quantity  of  the  arfenical  part ;  this,  however, 
ought  to  be  precipitated  feparately  by  water, 
and  weighed,  a  ftep  which  is  neceflary  where- 
ever  great  accuracy  is  required.  Salited  atie* 
nic  may  alfo  be  precipitated  in  its  metallic  form 
by  zinc,  the  folution  being  previoufly  weakened 
by  fpirit  of  wine. 

When  fulphur  alone  is  united  to  the  arfenici 
by  its  diflferent  proportions  it  produces  diflFercnt 
colours,  from  a  dilute  yellow  to  an  intenfe  red; 
but,  if  a  confiderable  portion  of  iron  alfo  enters 
the  compofition,  a  white  colour  is  generated^ 
and  a  very  different  fpecies  of  pyrites  formed, 
which  is  called  the  arfenical  pyrites  :  The  mc- 
tallic  principles  of  this,  diifolved  in  marine  acid, 
or  aqua  regia,  may  be  feparated  in  *the  manner 
above  defcribed. 

(c)  Calciform  arfenic,  which  nature  feldom 
produces,  is  difTolved  and  examiaed  by  means 
of  marine  acid. 

la 
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In  general,  concerning  arfenical  ores,  vre 
Inuft  guard  againft  uling  too  much  nitroui  acid, 
as  by  that  the  whole  of  the  phlogifton  is  readi« 
ly  taken  away,  and  the  acid  difengaged :  The 
Imallefl  quantity,  therefore,  v/^di  is  fuffident 
for  folution  (hould  be  employed,  othmnfe  wa- 
ter will  occafion  no  precipitation;  and^  notwith- 
ftanding  all  our  caution,  it  is  fcarce  pblfible  to 
prevent  the  difengagement  of  a  portion  of  the 
arfenical  acid,  efpecially  if  the  boiling  be  long 
continued ;  this  may  be  recovered  by  evapora- 
ting to  drynefs,  yet  rarely  alone,  but  occafion- 
ally,  and  accoi'ding  to  the  laws  of  attradion, 
united  either  with  alkaline  earths,  ojt  ^  metals 
which  are  prefent  (m).  Some  dil$it  arfenic 
eafily  flies  offl 


(m)  Regulus  of  arfenic  mzj  be  very'commodiouflj' 
obtained  in  the  following  wzjf  bj  the  via  ficca  :— 
White  arfenic,  with  three  times  its  wdght  of  black 
flux,  is  pot  into  a  cmcible,  which  h  covered  by  an- 
other>  and  luted  fo  clofely»  that  the  accefs  of  external 
air  is  altogether  prevented.  This  being  done,  the  low- 
er crucible  is  gradually  ezpofed  to  a  red  heat ;  and,  in 
the  mean  time,  the  upper  cmciblc'is  protedcd  from 
the  eSc£ks  of  the  fire  by  means  of  a  copper  plate  ;  by 
this  method*  the  inner  furface  of  the  upper  crucible 
is  covered  with  a  polifhcd^  cryftallized,  reguilne  crafty 
which  mzjp  in  general,  be  fcparatcd  whole  by  a  gentle 
concuflion. 
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§  XIV.    Ores  of  Cobalt. 

Reguline  cobalt  often  occurs  totally  deftitute 
both  of  fulphur  and  acids,  that  is,  native,  and 
only  mixed  with  other  metals ;  it  is  alfo  found 
united  with  fulphur,  and  mineralized  by  the 
acids  of  vitriol  and  arfenic.  Nature,  moreover, 
exhibits  a  black  calx  of  cobalt :  It  is  not  yet 
certainly  known  whether  it  is  ever  loaded  with 
the  aerial  acid. 

(a)  When  native,  it  almofl:  always  contains 
iron  and  arfenic,  and  often  nickel ;  and  hence, 
no  doubt,  it  is  that  fome  authors  afferc,  that  vi« 
triolated  cobalt,  and  the  other  falts  containing 
this  metal,  are  of  a  green  colour ;  whereas  they 
really  are  of  an  obfcure  red,  unlefs  the  nickel 
be  in  large  quantity.  In  order  to  feparate  thefe 
metals,  let  the  mixture,  diflblved  in  aqua  regia, 
evaporate  to  drynefs,  and  let  the  cobalt  be  ex* 
traded  by  vinegar;  fuppofe  this,  precipitated 
by  aerated  alkali,  be  in  weight  =  a,  then  the 
correfponding  quantity  of  regulus  =  7-|^\  Wc 
have  already  treated  of  the  nickel  and  the  iron 
r§  XII.);  if  the  arfenic  be  fuperabundant  in 
the  evaporated  folution,  it  may  perhaps  be  pre* 
dpitated  by  water. 

(b)  Cobalt,  united  with  fulphur,  may  be 
treated  in  the  fame  way,  as  it  differs  from  the 
pative  cobalt  only  in  containing  9  fmall  quanti- 
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ty  of  fulphur,  which  is  to  be  feparated  and  col- 
Icaed. 

(c)  Th&  celebrated  Mr  Brandt  has  difcover^ 
ed  cobalt  joined  to  vitriolic  acid,  with  a  large 
quantity  of  iron,  and  without  any  arfenic.  This 
I  have  examined  in  the  humid  way,  by  folutioa 
in  aqua  regia.  The  yellow  folution,  on  account 
of  abundant  iron,  was  fcarce  red,  but,  by  boil- 
ing, aflumed  an  obfcure  green,  and,  upon  cool- 
ing, recovered  its  former  colour;  a  property 
which  diftinguifhes  cobalt.  No  fulphur  could 
be  colleded ;  but  a  few  drops  of  falited  terra 
ponderola,  diflblved  in  water,  immediately  dif« 
covered  the  vitriolic  add.  Scarce  anyarfenic 
appeared. 

If  in  this  inftance  the  vitriolic  acid  be  pre« 
fent  in  a  dephlogifticated  (late,  as  appears  to  be 
the  cafe,  (unlefs  we  rather  choofe  to  fuppofe 
that  a  very  few  particles  of  fulphur  have  been 
dephlogifticated  during  the  folution),  yet  this 
acid  is  not  prefent  in  fuch  quantity  as  to  give 
birth  to  a  vitriolated  cobalt ;  for  the  mafs  is  of 
a  metallic  nature,  and,  therefore,  the  acid  is  to 
be  confidered  only  as  an  inquinament. 

The  trichites  of  the  Greeks,  which  is  found 
in  the  mines  of  Herngrund  and  Idria,  adhering 
to  an  argillaceous  ftone,  is  found  to  contain 
fomewhat  of  a  real  cobalt,  befides  the  clay  and 
vitriolic  acid :  This  can  be  precipitated  only  by 
a  phlogifticated  alkali* 

(d)  Cobalt 
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(b)  6obalt  frequently  exhibits  beaudful  red 
efflorefcences,  of  a  colour  fometimes  more  di« 
lute,  fometimes  more  {aturated;  it  appears  now 
like  a  loofe  powder,  now  concrete;  nay,  at 
times,  it  forms  mod  beautiful  cryftals,  radia- 
ting  from  the  fame  center  in  the  manner  of  a 
fbu:.  Tbefe  fubftances  always  ihew  fome  vefti- 
ges  of  arfenic ;  but  neither  reguline  nor  white 
arfenic  are  capable  of  imparting  the  red  colour 
to  cobalt ;  this  can  only  be  effefted  by  acids. 
Since,  therefore,  the  colour  indicates  the  pre- 
fence  of  an  acid,  it  is  reafonable  to  conclude  it 
to  be  the  arfenical  acid.  The  white  arfenic, 
which  is  almoit  always  adhering  to  the  ores  of 
cobalt,  may  perhaps  be  fometimes  fo  much  de- 
phlogifticated  by  time,  that  the  acid,  being  ex* 
tricated,  is  in  a  condition  to  ad  upon  the  con- 
tiguous particles  of  cobalt. 

In  order  either  to  eftablifh  or  to  overthrow 
this  fufpicion,  I  thought  it  proper  to  confult  ex- 
periments.  I  found  an  exaft  correfpondencc 
to  fubfift  between  cobalt,  artificially  faturated 
with  acid  of  arfenic,  and  the  natural  red  cryf- 
tals  of  cobalt,  except  that  the  latter  fometimes 
contained  white  arfenic.  The  arfenicated  co- 
balt is  not  taken  up  by  water,  unlefs  the  acid 
be  fuperabundant  j  and  this  it  is,  perhaps, 
which  prevents  the  feparation  of  arfenicated 
lime,  upon  the  addition  of  falited  lime  to  the 
folution  J  however,  the  event  of  the  experiment 

ii 
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IS  the  fame,  whether  the  arfenicated  cobak  enw 
ployed  be  natural  or  artificial}— on  evaporating 
to  drynefs,  an  arfenicated  lime  appears. 

On  account  of  the  fcarcity  of  this  fubftaace^ 
X  inflituted  another  experiment  in  fmall : — ^I  ex« 
trailed  the  pure  acid  of  arfenic,  firft  feparating 
it  by  vitriolic  acid,  and  then  abforbing  it  by 
liighly  reSified  Ipirit  of  wine}  for  this  laft  does 
not  take  up  the  vitriolated  cobalt,  but  only  the 
difengaged  acid. 

Natural  arfenicated  cobalt  is  fcarcely  foluble 
in  water,  unlefs  the  water  be  fliarpened  by  all 
acid}  and,  when  thus  diflblved,  it  ihould  be 
precipitated  by  aerated  alkali,  to  difcover  the 
quantity  of  reguline  cobalt.  Cobalt,  artificially 
arfenicated,  and  fufficiently  dried,  fhews  the 
fame  properties  as  the  natural. 

(e)  I  have  fometimes  examined  earths  more 
or  lefs  compact,  green  or  blue,  which  appear 
to  contain  a  little  cobalt}  but  in  thefe  fpeci* 
mens  copper  abounded,  more  efpecially  in  the 
blue,  which  alfo  effervefce  violently  in  acids. 
Let  the  copper  be  firfl  precipitated  from  the  fo« 
lution  by  iron,  the  liquor  evaporated  to  drynefs, 
and  the  cobak  diflfolved  by  vinegar }  if  any  of 
the  iron  adheres  to  the  vinegar,  it  feparates  on 
boiling. 

(f)  The  black  calx  of  cobalt  is  generally 
found  concreted  into  an  hard  mafs,  known  by 
the  name  of  glaffy  ore  of  cobalt }  this,  when 

pulveriz^ed. 
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pulverized,  is  taken  up  by  aqua  regia,  or  ma- 
tine  acid,  and  may  be  examined  like  the  for- 
mer. I  have  not  certainly  difcoTered  in  tbefe 
the  aerial  acid. 

S  XV.    Orts  tf  Ziht. 

Many  dill  doubt  whether  zinc  be  erer  foon^ 
native ;  it  is  feen  mineralized  by  fulphur  in  die 
pfeudo  galena;  by  vitriolic  acid,  in  native  white 
vitriol }  and  by  aerial  acid,  in  lapis  calaminarisi 
and  in  the  other  ores  which  are  called  glafly. 

'  (a)  If,  at  any  time,  natiye  reguline  2iii6| 
without  any  artificial  afliftance,  be  found,  its 
purity  may  be  eafily  examined,  as  it  is  quicklj 
diflblved  in  all  the  common  mineral  acids,  and 
whatever  heterogeneous  metal  is  prefent  maj 
be  precipitated  by  zinc.  The  fa£Utious  white 
vitriol  rarely  contains  any  other  metal^  except 
lead. 

(b)  The  pfeudo  galena,  which  contains  zioc 
mineralized  by  fulphur,  together  with  iron, 
muft  be  carefully  treated  with  nitrous  acid,  in 
order  to  extradt  the  metallic  part  without  inju. 
ry  to  the  fulphur :  If  no  other  metal  than  iron 
be  prefent,  let  it  be  precipitated  by  zinc ;  but, 
if  more,  the  iron  muft  be  calcined  by  repeated- 
ly  abftrafting  nitrous  acid  to  drynefs,  and  the 
new  folution,  made  by  vinegar,  or  any  other 
menftruum,  examined. 

Hepati: 
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Hepatic  air  is  generated  by  the  vitriolic,  and 
ilili  more  copiouily  by  the  marine  acid  ;  but  as 
this  elaftic  Buid  confilmes  a  part  of  the  fulphur^ 
I  have  rather  direded  the  employment  of  nitrous 
acid  with  caatipn  in  the  folution  of  pfeudo  galena. 

(c)  Let  the  zinc,  united  with  vitriolic  acid, 
be  diiToIved  in  water,  and  precipitated  by  ail 
aerated  alkali ;  let  the  weight  of  aerated  be  J, 
and  that  of  the  regulihd  metal  zinc  is  ttt^* 

If,  as  is  generally  the  cafe,  iron  be  prefeiit, 
this  (hould  be  precipitated  by  a  known  weigfit 
of  zinc. 

(d)  Zinc,  mineralized  by  aerial  acid,  an^ 
diflblved  in  acids,  fliould  be  precipitated  either 
by  aerated  or  phlogifticated  alkali ;  in  ttie  lat- 
ter cafe,  or  in  order  to  determine  the  metallic 
part,  the  weight  of  the  fediment  muft  be  divided 

'  *>y  5- 

In  the  Treatife  on  Zinc,  we  have  defcribed 
at  large  how  the  matrix,  and  other  heterogene* 
ous  matters,  are  to  be  feparated  on  different  oc- 
eafions. 

A  zinc,  mineralized  by  fpar,  has  lately  been 
,  difcovered  («) ;  and  I  hope,  by  favouf  of  the 
iiluftrious  difcoverer,  that  it  will  be  foon  exa- 
mined by  the  hiimid  way,  as  the  mineralizihg 
lubftance  (d)  is  hitherto  unknown. 

Vol.  II.  G  5  $  xvi. 

(ft)  By  Mr  Von  Born. 

{6)  It  is  always  cxtrcrticfy  difficult  to  citrad  zitfc 

hoftt 
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5  xn.    Ores  ef  Antimafy. 

Stibium^  commonly  caUed  antimony^  has  21 
yet  been  met  with  only  mider  two  diflPerent 
forms,  namely,  native,  w  mineralized  by  fal- 
pfaun 

(a)  Mr  Swab,  in  1748,  firft  dffcorered  aa- 
ttve  antimony  in  a  calcareous  matrix  at  SaU- 
berget,  nor  do  I  know  that  it  has  been  fbosd 
any  where  elfe ;  however,  in  the  colle€tion  d 
die  Academy,  there  is  a  fmall  piece  found 
fomewhere  out  of  Sweden,  but  where  is  uncer- 
tain;  this  is  in  a  quartofe  matrix:  So  thatk 
appears  native  antimony  is  found  in  other  pb- 
ces,  though  rarely,  and  though  little  known  vx 
this  country. 

The  purity  of  the  metal  is  moft  convenient- 
ty  examined  by  reducing  it  to  a  calx  with 
(trong  nitrous  acid;  for  this  being  done,  if  k 
be  entirely  pure,  there  will  remain  diflblfed  in 
the  menflruum  only  a  fmall  part,  wdiich  fepi- 
rates  upon  the  addition  of  water. 

from  its  ores  in  the  via  ficca.  The  ore  roaded  wtt 
charcoal  duft,  in  the  way  defcribed  in  note  {m)^  it  if 
true*  yields  feveral  particles  of  zinc  io-  the  upper  en* 
ciblci  efpecially  if  that  crucible  be  perforated  hjn 
hole,  and  covered  above  by  another,  weU  lotedos; 
but  hitherto  it  has  been  found  impradlicable  to  foblinr 
more  than  one  half  of  the  contents  of  the  lower  oih 
ciblc* 
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(b)  The  metallic  part  of  antimony,  mine- 
ralized by  fulphur,  is  taken  up  by  aqua  regia, 
and  the  fulphur  remains  pure.  The  folution, 
mixed  with  ftrong  nitrous  acid,  on  boiling, 
(depofits  a  calcined  antimony,  which  being  fepa- 
rated,  the  remaining  liquor  may  be  examine4 
by  phlogifticated  alkali,  or  any  other  means. 

Sulphurated  antimony,  by  a  certain  quanti* 
iy  of  arfenic,  grows  red,  frequently  exhibiting 
]>eautiful  fafciculi  of  filaments  radiating  from  a 
Milter.  If  arfenic  be  prefent,  it  it  thus  dilco- 
¥ered:— Lei  the  powder  be  gently  boiled  ia 
aqua  regia  until  the  fulphur  is  obtained  pure; 
the  clear  folution  contains  the  antimony  and 
arfenic,  which  are  feparated  in  the  following 
manner  ; — ^Let  concentrated  nitrous  acid  be 
poured  on,  and  the  antimony  reduced  to  a 
white  calx  by  boiling ;  let  this  be  colleded  on 
a  filter,  and  the  liquor  that  pafles  by  evapora- 
tion yields  the  arfenic,  generally  fpoiled  of  phlo* 
gifton,  that  is,  the  arfenical  agd. 

Befides,  as  the  cauftic  alkali  takes  up  both 
fulphur  and  antimony,  this,  aided  by  heat,  may 
be  advantageoufly  employed,  efpecially  for  the 
reparation  of  filler,  or  other  metals,  which  do 
not  yield  to  this  menftruuro;  an  hepar  is  indeed 
generated}  but  in  this  inftance  it  diflblves  little 
or  nothing, 

G  g  2  §  xvtt. 
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§  XVII.     Ores  of  Manganefe* 

The  newly  difcovered  femi-metal,  manga* 
nefe,  accompanies  moft  ores  of  iron,  as  has 
been  before  obfcrvcd  (§  iii.  c.)-  It  has,  how- 
ever, ores  of  its  own,  in  which  it  predominateSy 
though  they  are  feldom  to  be  found  ;  it  has  no 
where  yet  been  obfervcd  native,  nor  minerali- 
zed by  fulphur,  unlefs  when  joined  with  odicr 
metals  in  larger  quantities ;  it  commonly  oc- 
curs calciform,  but  under  various  forms ;  g^ 
nerally  alone  and  black,  fometimes  mineralized 
by  aerial  acid. 

(a)  Calciform  manganefe  alone  generally  poi^ 
fefles  a  metallic  fplendour,  is  partly  of  an  eanbf 
colour,  black  or  red :  The  colours  are  no  doabt 
owing  to  unequal  portions  of  phlogifton. 

Let  thefe  ores,  reduced  to  a  fubtile  powder, 
be  immerfed  in  any,  but  particularly  a  mincnl 
acid,  together  with  a  fmall  piece  of  fugar.  k 
is  known  that  the  calx  of  this  metal  eludes  the 
force  of  acids,  unlefs  fomewhat  be  added  to 
fupply  the  neceffary  quantity  of  phlogifton. 
Let  frefh  acid  be  repeatedly  poured  on  with 
fugar,  until  no  more  is  extrafted  by  a  digefting 
heat ;  let  the  folution  colleSed  be  precipitated 
by  aerated  alkali ;  let  the  weight  of  the  fcdi- 
ment  be  a,  aiid  the  correfponding  regulus  will 


t  c«_oa 
TTo  • 


Whai 


IN,  THE  HUMID  WAT.  ^  4^ 

What  remains  undiflblved  at  the  bottom  ei- 
ther belongs  to  the  matrix,  or  contains  hetero- 
geneous mixtures. 

(b^  Aerated  manganefe  is  rarely  found  pure 
but  in  the  gold  mine  at  Nagyay:  When  it 
forms  the  matrix,  it  is  had  fcarcely  mixed  with 
iron ;  at  leaft,  in  a  folution  made  with  nitrous 
acid,  the  phlogifticated  alkali  does  not  difcover 
it.  In  general,  the  iron  is  in  larger  quantity, 
as  in  the  white  ores  of  iron ;  but  thefe  ores  are 
to  be  treated  as  before  defcribed. 

In  order  to  feparate  the  iron  when  it  abounds, 
or  at  lead  the  greateft  part  of  it,  let  nitrous  acid 
be  repeatedly  ab(lra6led  to  ignition  from  the 
ore ; .  after  which  the  manganefe  pure,  or  at 
leaft  not  much  contaminated  by  iron,  may  be 
feparated  by  ftrong  concentrated  vinegar,  or  di- 
luted nitrous  acid. 

Manganefe,  precipitated  from  fuperabundant 
nitrous  acid,  by  phlogiflicated  alkali,  diflblyes 
totally  in  diftilled  water  ;  a  property  which  af- 
fords a  method  of  feparating  it  from  iron. 

We  cannot  pofitively  aflert  whether  manga- 
nefe, joined  to  marine  acid,  is  ever  found  in  the 
bofom  of  the  earth ;  although  it  feems  probable, 
on  the  fuppofition  that  natural  waters  are  fome- 
times  found  loaded  with  falited  manganefe  (^). 
G  g  3  Thu9 

(/)  The  celebrated  P.  J.  Hjclm  difcovered  waters  of 
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Thus  ^t  have  mentioned  the  fifteen  metak 
which  are  known  to  be  diftinft,  and  have  point- 
ed out  procefles  by  which  the  chief  varieties  of 
their  ores  may  be  examined  in  the  hiimid  way: 
The  greater  numbers  of  ways  by  which  thefe 
bodies  can  be  examined  the  better }  now  one 
method  is  neceflary,  now  another*  But  I  hafc 
no  doubt  that  muhipiied  experiments  will  dit 
|K>ver  methods  more  numerous  and  effedive 
^|)aji  tbofe  prqpofed  in  the  foregoing  iketcb* 
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diis  fort  about  the  lake  Vettern.— Compare  Mr  Sckce(e^ 
flbemifal  Praeieaions,  §  189.  Obfl  3, 
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Ufe  in  ihe  Examination  of  BoSeSy 
Particularly  Minerals. 


%  I.    IntroduSinu 


TH  £  tube  which,  from  the  ufes  to  which 
it  has  been  applied,  is  called  the  folder- 
ing  tube  or  blow-pipe,  is  very  ufeful  and  ne* 
ceflary  to  many  artificers }  but  our  country- 
man,  the  celebrated  metallurgift  Andreas  Swab, 
was,  if  I  miftake  not,  the  firft  who  applied  it  to 
the  examination  of  minerals,  and  that  about 
the  year  1738.  This  invention  was  afterwards 
much  improved  by  Meflrs  Cronftedt,  Rinman, 

Engeftroem^ 
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Engeftroon,  (^ft,  Gahn,  andScheele;  nay, 
Mr  Engeftroem  has  written  an  exprefs  treatiib 
ppon  its  ufes,  which  was  firft  publiflied  in  £ng- 
]ifh,  afterwards  tranflated  into  the  Swedifli,  and, 
finally,  the  German  language.  The  experience 
of  many  years  has,  however,  (hewn  me,  that 
this  inilri^ment  is  fufceptibl^  of  further  improve 
ment,  both  as  to  conftruftibn  and  application: 
I  fhall  therefore  relate  fuch  circumflances  con* 
perning  it  as  may  be  coipprif^d  in  a  brief  de* 
fcription. 

§  II.     figure  tf  fbe  hiftrumcnU 

That  which  I  ufe  is  formed  of  pure  filvcr, 
left  it  fhould  be  injured  by  ruft  ;  a  fmall  addi- 
tion of  platina  communicates  the  aeceflary  hard* 
peFs. 

It  confifts  of  three  parts,  which  may  occa- 
fionally  be  joined  :  An  handle  a  (tab.  2.),  ter- 
mipating  in  a  truncated  conical  apex  a  a,  which 
may  be,  by  twifting,  fo  adapted  to  the  aperture 
b,  as  to  fhut  it  more  clofely  than  can  be  done 
by  a  fcrew.  In  the  place  of  the  hollow  fphere 
which  is  commonly  ufed,  I  make  ufe  of  the  lit- 
tle box  B,  formed  of  an  elliptical  plate,  fo  bend- 
cd  through  the  centre  that  the  oppoiite  fides 
become  parallel,  and  are  joined  round  by  a 
plate  equal  in  breadth  to  c  c  :  Such  a  box  col- 
leds  the  moifture  of  the  breath  as  well  as  the 

fplierc. 
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fpbere,  and  Is  befides  attended  with  the  advan* 
tage  of  a  comprefled  figure,  and  fmaller  circum« 
ference.  The  aperture  (b)  is  fomewbat  coni* 
cal,  and  hollowed  out  of  the  folid  piece,  and 
has  no  margin  turned  inwards,  left  the  efflux 
of  the  fluid,  colleded  after  long  blowing,  or 
the  cleanfing  of  the  internal  parts,  (hould  be  in' 
any  degree  prevented.  The  tube  (c)  is  very 
fmall,  and  its  (hotter  conical  end  (e  e)  exaftly 
fitted  to  the  aperture  (f),  fo  that  no  air  can 
efcape,  unlefs  through  the  orifice  (g).  Many 
of  thefe  tubes  Ihould  be  provided,  with  orifice^ 
of  different  diameters,  to  be  applied  on  diffe- 
rent occafions ;  the  orifice  (g)  itfelf  ought  to 
be  ftnooth  and  circular,  otherwife  the  cone  of 
flame,  hereafter  mentioned,  will  be  divide^ 
(%  in.).  The  bands  (h  h,  i  i)  prevent  the  co- 
nical apices  (a  a,  e  e)  from  being  thruft  in  too 
far,  and  alfo  ferve  another  purpofe  ;  for,  when 
ijie  conical  apices  (a  a,  e  e),  by  repeated  attri- 
tion, are  at  laft  fo  much  diminifhed  as  to  fal| 
out  fpontaneoufly,  by  filing  away  a  little  of  the 
bands,  they  may  again  be  made  tight.  The 
figure  reprefents  the  whole  apparatus  of  the 
proper  fize. 

§  III.    Meihgd  of  Blowing  tbrongb  the  Tide. 

As  it  Is  abfolutely  neceffary  that  the  air  fhould 
flow  through  the  orifice  in  a  continued  flr^am. 
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ib  long  z%  the  experiment  coadniitt  to  requtrt 
it,  this  labour  wUl  fktlgue  the  lungs  too  mudi» 
unleft  an  equable  and  uninterrupted  infpiratkii 
can  at  the  fame  time  be  continued.  To  fuccced 
in  this  operation  without  inconvenience,  foae 
labour  and  pradice  are  neceffiuy«  The  whole 
artifice,  however,  confifls  in  this,  that,  whib 
the  air  is  infpired  through  the  noftrils,  that 
which  is  contained  in  the  mouth  be  forced  out 
through  the  tube  by  the  compreflion  of  die 
cheeks. 

To  fome  perfons  this  is  extremely  diflicolt; 
but  frequent  trials  will  eftablifh  the  habit,  b 
that  a  continual  flream  of  air  can  be  fupplied 
for  a  quarter  of  an  hour  and  more,  without  any 
other  inconvenience  than  the  laflitude  of  the 
lips  compreffing  the  tube« 

§  IV*    The  Proper  Kind  of  Wlmnt^ 

The  ftream  of  air  above  mentioned  is  nec^ 
lary  for  impelling  the  flame  upon  the  matter 
under  examinatiom  Too  great  a  flame  does' 
not  eafily  yield  to  the  blaft ;  and  too  fmall  a 
one  produces  a  proportionably  weak  effed.  A 
Sender  candle  fhould  therefore  be  chofen  (a« 
ther  wax  or  tallow)  {p)  with  a  cotton  ^^nA. 
(k  1).  The  burned  top  mufl;  be  cut  off  at  fadi 
a  length  that  the  remainder  may  be  bent  a  lit* 
tie  (1  m>    The  orifice  (g)  is  to  be  held  above, 

•    and 
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ttA  wmt  tfe thit  trch«  perpeadicuhr  to  (1  m); 
and  the  air  equably  expre£kd« 

The  flame  being  forced  to  one  fide  by  dit 
l^oience  of  the  blaft,  exhibits  two  diftind  fip 
gures ;  the  internal  figure  (1  n),  conical,  blae^ 
and  well  defined ;  at  the  apex  of  this  (n),  the 
Bioft  violent  degree  of  heat  is  excited ;  the  ex* 
ternal  (1  o),  brownifli,  tague,  and  undetermin- 
ad,  which  it  fpoiled  of  its  phlogifton  by  tha 
liuTounding  atmo^heric  air,  and  oecafiont 
much  lefs  heat  at  its  extroouty  {p)  than  the  io* 
tenor  flame  does. 

%  t.    Fnfir  Sufpwts  far  tb$  hUtttr  m^ir 


The  fubftances  to  hie  examinod  are  fupported 
by  two  different  fiiftentacula,  according  to  the 
diverfity  of  the  matters  under  confideration ; 
the  one  is  charcoal  of  beech  or  fir,  cut  into  the 
form  of  a  paralldopiped ;  the  other  a  filver,  or 
(which  is  better)  a  golden  Ipt^n,  fitted  with  a 
wooden  handle.  The  firil  of  thefe  is  generally 
iifed,  except  where  phlogifton  is  to  be  avoidedt 
or  the  fubjed  under  examination  is  abibrbed  by 
charcoaL  The  golden  fpoon  (hould  be  much 
lefs  than  the  figure  ('a),  as  the  bulk  of  the  fiip« 
port  impedes  the  proper  beat  of  the  matter  as* 
^ed  to  examinaripa^ 

Firticlea 
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Particles  that  are  very  fmall  and  l%ht  arc 
cafiiy  carried  off  by  the  blaft  of  air ;  to  prevent 
ivhich,  a  fmall  cavity  fhould  be  hollowed  out 
in  the  charcoal,  in  which,  being  partly  prote6 
ted  by  another  fmaller  piece  of  charcoal,  thej 
may  be  expofed  to  the  apex  of  the  flame. 

S  Ti.     Proper  Fluxes. 

Subftances  which  are  not  fuiible /er^?,  are 
often  fufed  and  diflbhred  by  means  of  fahs;  I 
make  ufe  of  three  in  particular,  one  of  whkk 
is  acid,  another  alkaline,  and  the  third  neutraL 

I.  The  phofpbori'c  acid,  or  nther  themier^* 
cofmic  fait,  as  it  is  generally  called,  which  con* 
tains  th;it  acid  partly  faturated  with  mineral, 
partly  with  volatile  alkali,  and  loaded  befi'des 
Ivith  much  water,  and  a  gelatinous  fat«  This 
fait,  when  expofed  to  the  flame,  boils  and  foams 
violently,  with  a  continual  crackling  noife,  un- 
til the  water  and  volatile  alkali  have  flown  off; 
afterwards  it  is  lefs  agitated,  fending  forth  fome* 
what  like  black  fcoriae,  arifing  from  the  burned 
gelatinous  part ;  thefe  are  foon  difpelled,  and 
exhibit  a  pellucid  fphsrule,  encompjafled  by  a 
beautiful  green  cloud,  which  is  occalioned  by 
the  deflagration  of  the  phofphorus  arifing  from 
the  extrication  of  the  acid  by  means  of  the  in- 
flainmable  matter.  *  * 
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.  TEe'cIear  globule  which  reipains,  upon  the 
removal  of  the  flame,  continues  longer  foft  than 
that  formed  by  borax,  and,  therefore,  is  more 
fit  for  the  addition  of  the  matter  to  be  diflblved» 
The  volatile 'alkali  is  expelled  by  the  fire;  there- 
fore, an  excefs  of  acid  arifes  in  what  remains, 
which  eafily  attrafts  moifture  in  a  cool  place. 

s.  The  mineral  alkali,  or  fal  foda;,  which, 
when  fufed  upon  charcoal,  melts  fuperficially, 
with  a  crackling  noife,  penetrates  the  charcoal, 
-and  difappears :  This,  in  the  fpoon,  yields  a 
permanent  and  tranfparent  fphacrule,  fo  long  as 
it  is  kept  fluid  by  the  blue  apex  (n);  but,  when 
the  heat  is  diminifhed,  puts  on  a  milky  opacity; 
hence  it  appears  why  this  cannot,  be  employed 
upon  charcoal.  This  alkali  attacks  feveral  fub- 
fiances,  particularly  filiceous  matters. 

3*  Cryftallized  borax,  expofed  to  the  flame 
upon  charcoal,  at  firft  becomes  opaque,  white, 
and  wonderfully  intumefcent;  it  throws  out 
branches,  and  various  protuberances ;  but, 
when  the  water  is  expelled,  it  is  eafily  collec- 
ted into  a  mafs,  which,  when  well  fufed,  yields 
a  colourlefs  fphaerule,  which  retains  its  tranfpa- 
rency  even  after  cooling :  If  calcined  borax  be 
employed,  the  clear  fphsrule  is  more  fpeedily 
obtained.  This  (alt  confifts  of  mineral  alkali 
partially  faturated  with  a  peculiar  acid,  known 
by  the  name  of  fedative  fait }  each  of  its  prin- 
ciples 
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great  number  of  other  matters. 

The  habits  of  thefe.  falts,  when  ezpolcd  t$ 
fire,  being  once  kndwn,  k  will  be  eafy  to  iui> 
derftand  the  differences  occafioned  by  the  dift- 
rent  additions. 

5  VII.     Circumjlances  to  be  obfinyed  in  the  E» 
mmoHon  of  Bodies  by  the  Blaw-P^. 

The  exterior  flame  muft  firft  be  direfied  up- 
on the  mafs  under  examination ;  and,  when  its 
efficacy  is  well  known,  then  the  interior  blue 
flame. 

Particular  care  muft  be  takra  to  obferre 
whether  the  matter  decrepitates,  fplits,  fwelk, 
liquefies,  boils,  vegetates,  changes  colour, 
fmokes,  is  inflamed,  becomes  oily,  or  magne- 
tic, &c. 

The  piece  expofed  to  the  flame  (hould  fcarce- 
)y  ever  exceed  the  bulk  of  a  grain  of  pq)peri 
but  ought  never  to  be  fo  fmall  as  not  to  be 
taken  up  by  the  forceps  (i) ;  as,  if  it  be  too 
large,  a  part  of  it  is  neceflarily  without  the  fo- 
cus, and  muft  cool  both  the  fupport  and  the 
part  immerfed  in  the  blue  apex.  The  particles 
may  be  fufficiently  comminuted  upon  the  fted 
plate  (o)  by  the  hammer  (f),  and  are  prevent- 
ed from  being  difperfed  by  the  ring  (h)« 
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A  (mail  piece  (htitild  be  added  feparately  to 
each  of  the  fluxes,  concerning  which  it  mu(l  be 
obferred,  whether  it  diflToWes  wholly,  or  in  part 
6nly ;  whether  this  be  effe£led  with  or  without 
effervefcence ;  quickly  or  ilowly ;  whether  the 
tnafi  be  divided  into  a  powder,  or  gradually 
and  externally  corroded ;  what  colour  the  glaft 
11  tinged ;  whether  it  be  opaque  or  pellucid. 

Thefe  general  principles  (hall  now  be  applied 
to  exemplify  the  mineralogical  and  chemical 
ufe  of  the  blow-pipe. 

S  vni.     Four  Claffes  (f  Foffih. 

Unorganized  bodies  are  generally  diftributed 
into  four  claffes;  faline,  earthy,  inflammable^ 
and  metallic. 

The  falts  are  diftinguiihed  by  folubility  and 
fapor :  But  thefe  properties  differ  in  many  ways 
ms  to  degree,  and  in  hOi  form  a  continued  fe« 
lies  with  the  earths ;  fo  that  the  links  in  the 
chain  of  nature  can  fcarcely  be  diftinguifliedt 
unlefs  artificial  limits  be  inftituted. 

Many  of  thefe,  when  expofed  to  the  flame, 
eafily  liqyefy,  or  are  diffolved  by  the  water  of 
cryftallization  growing  hot;  but,  when  this  is 
expelled,  fplit,  and,  by  a  more  intenfe  heat,  are 
really  fufed :  Others  are  deprived  of  their  water 
without  any  motion,  and  are  only  once  fufible : 
Some  fly^off  by  the  heat. 

Earths 
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c    Earths  I  call  fuch  fubftances  as  are  fixed  m 

the  fire,  not  fapid,  nor,^  though  reduced  to  die 

mod  fubtile  powder,  foluble  in   i,ooo  timc$ 

:their  weight  of  boiling  water*     Some  of  thcfe, 

•ehher  by  having  their  furfaces  iacreafed  by  a 

previous  chemical  divifion,  and  their  furface  of 

;Conta£k  thereby  increafed,  or  by  the   affiftancc 

of  an  excefs  of  aerial  acid,  or  by  expofure  to 

intenfe  heat  in  clofs  veflels,  actually  are  diffol- 

Jved  in  water  i  thefe  I  call  faline  earths  :  But  die 

reft,  which  can,  by  no  artifice  hitherto  known, 

be  made  to  enter  water,  deferve  the  name  of 

earths  fimply,  and  ««t'  i{#;^,».     Examined  by  the 

blow-pipe  ferfe^  they  are  found  either  refrafio- 

•ry  or  fufible  j  and  very  few  of  them  alone  ex- 

thibit  a  tranfparent'  glafs.    They  are  diflblved 

by  the  above  mentiftned  fluxes,   or  at  leaft  by 

one  of  them ;  befides,  they  neither  burn  nor 

fmoke. 

Moft  of  the  inflammable  fubftances   burn, 

fmoke,  and  yield  coals  loaded  with  an  oily  mat- 

,ter.     Sulphureous  bodies  burn  without  any  re- 

fiduum  ;  but  fome  of  thefe  are  only  manifefted 

by  volatility. 

The  metals,  excepting  a  few,  are  fufible; 
•  the  ignoble  metals  are  calcined,  and  colour  the 
-  fluxes* 


$» 
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S  IX.     Different  Species  of  Salts. 

The  faltSy  whether  natural  or  faditious,  are 
yery  eafily  examined  by  the  blow-pipe.  Some 
of  thefe  are  properly  called  falts,  conlifting  en- 
tirely of  a  foluble  matter }  fuch  are  acids,  alka- 
lis^ and  the  neutrals  compofed  of  thefe;  but  the 
others,  containing  a  bafe  not  foluble  fer/ej  ei- 
ther earthy  or  metallic,  (which  is  not  foluble  in 
water,  unlels  when  united  with  a  genuine  fait), 
may  be  called  middle  or  analogical  falts. 

S  X*     jicids* 

The  acids  which  are  always  fluid  I  pafs  over, 
as  they  elude  the  flame,  and  fliall  here  only  ex- 
amine the  concrete  falts. 

The  acid  of  arfenic  muft  be  carefully  diftin- 
guiflied  from  white  arfenic,  which  contains  this 
acid  indeed,  but  unites  with  fo  much  phlogif- 
ton,  that  it  is  coagulated  (a)  into  a  fort  of  ful- 
phur.  This  acid,  deprived  of  water,  exhibits  a 
dry  mafs ;  and,  expofed  in  this  (late  to  flame 
upon  charcoal,  receives  from  thence  fo  much 
phlogifton,  as  to  regenerate  white  arfenic,  and 
difiufe  a  garlic  odour.  In  the  fpoon  it  fufes^, 
and  does  not  fmoke,  unlefs  by  the  acquifitioa 

Vol.  II.  H  h  of 

« tbc  Trcatifc  on  Arfenic. 
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pf  phlogifton,  either  from  the  flame  or  the  me- 
tallic fupport. 

The  acid,  which  exifts'  molybdasna  (b\  feems 

to  be  the  radix  of  fome  metal ;  it  is  of  a  fpocific 

•gravity  3,461  ;  pofle0es  the  property  of  tinging 

^uxes,  and  decompofing  pbk>g|fticated  alMi^ 

)s  this  the  acid  of  tin  ? 

This  acid,  expofed  to  the  flange  upon  char- 
coal, is  abforbed  ;  in  the  fpoon  it  emits  a  white 
fmoke,  which,  upon  cpntadl  of  the  interior 
cone,  grows  of  a  beautiful  blii6;  but,  ezpo&d 
to  the  exterior  cone,  again  grows  white:  It 
tinges  microcofmic  fait  of  an  elegant  green; 
borax,  with  a  fmall  quantity  of  it,  exhibits  as 
alhen  colour  by  refle£lion,  but  by  refraSiona 
(dark  violet.    No  other  acid  tinges  the  fluxes. 

The  acid  of  borax,  commonly  called  fedatiit 
fait,  eafily  liquefies,  and  in  the  fame  manoo, 
but  with  far  lefs  intumefcence  than  borax:  It 
remains  fixed  in  a  pellucid  globule  (§  vu). 

The  acid  of  tartar  is  not  to  be  confouodej 
with  cream  of  tartar,  which  is  partly  fatuiattd 
by  the  vegetable  alkali  (c) :  This  liquefies  Dp* 
the  firft  contacb  of  the  exterior  flame;  focmii 
inflated,  foams,  grows  black,  and  fends  forth  2 
fmoke  and  blue  flame,  leaving  a  fpongy  coal, 
which  foon  leaves  white  aflies  of  a  calcarccta 

nature 

(5)  Mr  Schcele,  Aa.  Stockholm,    177S. 
(()  Aft.  Stockhqlra,  1779. 
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Mature.  In  order  to  obfervc  thefe  changes  dU 
(lindly,  the  combuftion  muft  be  occafioned 
ilowly  by  the  weakeft  part  of  the  flame. 

Cryftallized  acid  of  fugar  is,  by  the  exterior 
flame,  fird  made  of  an  opaque  white,  then  flows, 
and  finally,  foon  flies  off*,  without  leaving  •any 
refiduum. 

The  acid  of  phofphorus  occurs  in  all  the  na» 
tural  kingdoms ;  when  dried,  it  is  eafily  fufed^ 
and  aflumes  the  form  of  a  pellucid  globule, 
which  yet  attra&s  the  moifture  of  the  atmof- 
phere. 

§  XI.    Alkalis. 

The  cryftallized  vegetable  alkali  firft  becomes 
opaque,  and  decrepitates  long  and  violently, 
then  melts  into  a  globule  which  perfifts  in  the 
fpoon,  but  expands  on  the  charcoal,  and  is  ab- 
forbed  with  a  crackling  noife. 

The  mineral  alkali  has  the  fame  properties  as 
the  fal  fodse  defcribed  in  §  vi. 

The  volatile  alkali  liquefies  a  little,  and  is 
diflipated. 

§  xii.     Neutral  Salts. 

Several  of  the  neutral  falls  flow  twice,  but, 

according  to  their  different  natures,  exhibit  dif- 

H  h  2  fcrent 
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ferent  phaenomena ;  which  a  few  examples  will 
fufficiently  illuftrate. 

The  Decrepitating  Salts. 

Thefe  are  broken  and  difperfed  by  fudden 
heat.  Of  this  fort  are  vitriolated  vegetable  and 
volatile  alkali,  falited  vegetable  and  mineral  al- 
Icali. 

Volatile  SaltSy 

Which  have  a  bafe  totally  volatile,,  and  gc* 
nerally  fly  off;  vitriolated,  nitrated,  and  falited 
volatile  alkali. 

Genuine  fait  of  amber  by  the  exterior  flame 
on  the  charcoal  liquefies  and  fmokes  ;  by  the 
interior  takes  fire,  and  in  burning  difappean 
with  a  blue  flame.  In  the  fpoon  the  fame  hap- 
pens, except  when  the  fait  abounds  with  oil, 
which  almofl  always  happens  :  In  this  cafe  fomc 
coally  vefliges  remain.  The  fpurious  fait  of 
^mber  differs  according  to  the  frauds  ufed  in 
its  preparation :  It  generally  in  the  beginning 
fwells,  fmokes,  and  grows  black,  then  white j 
and,  finally,  mel(s  into  a  fixed  white  mafs. 


Deicngtiq 
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Detonating  Salts. 

Hiefe  falts,  ivhich  always  abound  with  nitrous 
acid,  liquefy  in  the  fpoon,  and  perfill  even  on 
the  charcoal,  unlefs  it  takes  fire ;  for,  when  ig- 
nited, they  immediately  take  fire  on  the  contaft 
of  phlogifton,  fending  forth  a  violent  flame, 
with  a  detonating  noife.  During  this  operation 
the  acid  is  diflipated,  and  the  bafis,  if  fixed,  re« 
mains  alone.  If  the  bafe  be  volatile,  fcarcelj 
any  detonation  is  excited,  for  the  fait  flies  to« 
tally  off. 

Nitrated  vegetable  alkali  fliews  a  blue  flame^ 
but  the  nitrated  mineral  and  volatile  alkali  a 
yellow  ore. 

*  Carbonaceous  Salts. 

Thefe,  by  the  combuftion  of  their  acid,  yield 
fpongy  coals,  which,  when  ignited,  foon  grow 
white,  leaving  behind  the  alkaline  bafe ;  fuch 
are  acid  of  tartar,  crude  tartar,  fal  acetofellae^ 
and  tartarized  vegetable  and  mineral  alkali. 

Hepatlfcent  Salts. 

Thefe  expofed  to  the  flame  on  the  charcoal^ 

flow,  and  yield  a  yellow  or  red  mafs,  which 

diffufes  an  hepatic  fmell,  efpecially  when  moif. 

H  h  3  tencd 
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tened  by  any  acid.  To  this  clafs  belong  all 
thofe  fixed  in  the  fire,  containing  vitriolic  acid, 
which,  when  faturated  with  the  phlogiftonof 
the  charcoal,  generate  fulphur ;  thefe  are  vitrio- 
lated  vegetable  and  mineral  alkali. 

S  xiii.     Middle  Earthy  Salts. 

Of  the  middle  earthy  falts  few  flow  fo  per- 
fe&ly  as  to  be  reduced  to  a  globule,  nor  do  they 
all  fuie  adually,  though  the  water  of  cryftalli- 
zation  in  its  departure  excites  a  foam.  Thofe 
which  contain  vitriolic  acid  eflfervefce  violently 
with  borax  and  microcofmic  fait,  but  are  diffi- 
cultly diifolved  by  fai  fodas. 

Decrepitating  Salts. 

Gypfum  fpathcfum. 

tntumefccnt  Salts. 

Vitriolated  magnefia  fwells,  foams,  and,  when 
repeatedly  expofed  to  the  flame,  may  be  fufed. 

Alum  is  fomewhat  different ;  for,  finally,  al! 
ebullition  ceafes,  and  the  mafs  remains  immove- 
at)!y  at  reft,  and  it  undergoes  no  other  change 
than  to  fplit :  When  hot,  it  is  variegated  with 
blue  fpots. 

Acctated 


AND  ITS  USE.  48y 

Acetated  lime  fwells  much  like  alum,  but 
fcarcely  adheres  to  the  charcoal. 

Nitrated  magnefia  fwells  with  a  crackling 
noife,  but  without  any  detonation. 

Salited  magnefia,  in  a  dry  (late,  belongs  to 
this  clafs« 

FufibU  Sdlin 

Although  gypfum  elpded  the  force  of  fire  in 
Pott's  furnace^  yet  it  Biay  be  fiifed  in  a  mo- 
ment, if  a  fe&ion  of  the  lamella  be  expofed  to 
the  blue  flame :  Though  naturally  pellucid,  i( 
inftantly  acquires  an  opacity  :-^The  water  goes 
off  without  ebullitioju 

Carbonaceous  SdHsm 

Tartari:ted  lime  and  magnefia;  nay^  all  th^ 
earths  united  with  acid  of  tartar. 

Soluble  in  Borax  and  Microcofmic  ^altj  ivith  Ef^ 
fervefcencei 

Lime,  magnefia,  Titriolated  clay,  and  aceta- 
ted lime. 


488  OF  THE  BLOW-PIPE, 

S  x^^*    Middle  Metallic  Salts. 

Some  of  the  middle  metallic  falts,  either  con- 
taining a  large  quantity  of  water,  or  retsdning 
pertinaciouily  the  acid,  flow  in  the  fire,  others 
only  foam :  Mod  of  them  recover,  at  leaft  part- 
ly, their  metallic  appearance,  efpecially  whea 
they  touch  the  coal,  leaving  at  the  fame  time  a 
fhapelefs  fcoria.  By  the  addition  of  borax  die 
fcoriae  are  diflblved  and  the  regulus  better  col- 
Ie£ted;  but  here  we  confider  the  falts  alone: 
The  fluxes  are  tingSd  in  the  fame  way  as  by  the 
metallic  calxes,  §  xxii.  xxxv. 

Decrepitating  Metallic  Salts. 
Nitrated  lead,  tartarized  antimony. 

Volatile  Metallic  Salts. 

To  this  belong  the  falts  whofe  bafe  is  mer- 
cury, as  they  are  diflipated  by  fire;  thofe  which 
contain  marine  acid  in  general  fly  oflf  more 
quickly  than  thofe  which  are  loaded  by  any 
other  menflruum. 

Detonating  Metallic  Salts. 

Silver,  mercury,  lead,  and  bilmuth,  united 
with  nitrous  acid* 

btu- 


AND  ITS  USE.  48$; 

,       Iniumefcent  Metallic  Salts. 

At  the  fird  approach  of  fire  they  fwell  with 
noife,  and  a  certain  et)ullition,  but  then  remain 
immoveable;  vitriolated  and  nitrated  copper, 
iron  and  cobalt  vitriolated,  vitriolated.  and  ni« 
trated  zinc. 

FufibU  MetallU  Salts. 

Thefe  aret  by  the  exterior  flame,  eafily  redu- 
ced to  globules.  By  this  method  filver  and 
lead  falited  in  the  fpoon  put  on  the  homy  ap« 
pearance;  but  by  a  long  violent  fiifion  they 
again  put  it  off,  the  acid  being  too  much  dimi- 
ni(hed :  Hence  it  appears  with  what  caution 
thefe  metals  are  to  be  made  horny  in  the  cru- 
cible. 

Silver  and  lead  vitriolated ;  copper  and  zinc 
falited. 

Carbonaceous  Metallic  Salt. 
Tartarized  antimony. 

Metallic  Salts  tinging  the  Flame. 

Vitriolated  copper,  and  alfo  nitrated  copper, 
produce  a  greennefs;   but  falited  copper  ads 

with 
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xnrith  far  more  efficacy.  The  green  cryftals  of 
this  firfl  grow  red  by  the  exterior  flame ;  they 
foon  liquefy,  and  grow  black ;  they  make  the 
flame  at  firft  of  a  deep  blue,  which  afterwatds 
verges  to  a  green.  The  flame  thus  tinged  ex- 
pands much,  and  remains  fo  until  the  whole 
mafs  of  the  fait  is  diflipated :  This  green  &lt, 
added  to  microcofmic  fait  in  fiifion,  immediate^ 
ly  fiiews  a  beautiful  flame;  the  clear  globule  is 
tinged  green,  and  does  Hot  grow  opaque  or 
brown,  unlefs  a  large  quantity  of  the  microcof- 
mic fait  be  added;  a  circumftance  which  takes 
place  much  fooner  upon  the  addition  c^  a  final* 
ler  quantity  of  borax» 

S  3tv.    Different  Species  of  Eartbf. 

Earths  are  in  general  either  fimple  (which  I 
call  primative)  and  incapable  of  decompofidon 
or  mutual  tranfmutation  by  any  means  hitherto 
known— of  thefe  five  only  have  been  as  yet  dif* 
covered — whether  a  fixth  exifts  in  the  diamond 
we  are  ignorant. 

Thofe  are  called  derivative  which  arife  from 
a  mixture  of  two  or  more  of  the  primatives. 
Many  of  thofe  which  Mr  Cronfledt  thought  to 
be  fimple,  I  have  difcovered,  by  the  humid  ana- 
lyfis  properly  condufted,  to  be  compound  j  this 
U  npt  to  be  objefted  to  that  great  mineralogift, 

as 
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as  th^  chemical  art  at  his  time  had  not  invefti'^ 
gated  the  treafures  of  the  mineral  kingdom. 

S  XVI.     Habitudes  of  the  Primitive  Earths. 

Lime. 

This  (which  by  itfelf  is  infufible)  by  a  fuffi* 
cient  degree  of  heat  lofes  its  property  of  eflfer- 
vefcing  in  acids;  it  acquires  foiubility  in  water, 
the  power  of  generating  heat  with  it,  and  of 
fuffering  fpontaneous  calcination.  Ihefe  laft 
properties,  however,  it  lofes,  if  too  much  urged 
by  heat.  The  heat  it  generates  with  water  may 
eafily  be  tried  by  a  drop  of  water  on  the  back 
of  the  hand,  with  the  addition  of  a  fmall  piece 
of  lime  juft  cooled  after  burning. 

Crude  calcareous  earth  eirer\'efces  a  little 
with  mineral  alkali,  and  is  divided  into  fmall 
particles  but  fparingly  diffolved;  when  over- 
burned,  it  feems  not  to  be  divided  or  diminiib* 
ed. 

In  borax,  the  former  difiblves  with  effervef- 
cence,  the  latter  fcarcely  generates  any  bubbles. 

In  microcofmic  fait  the  fame  phaenomma 
appear ;  but  the  effervefcence  is  fomewhat  great- 
er. 

It  is  alfo  obfervable,  that  a  very  fmall  piece 
of  calcareous  earth  is  eafily  diffolved  in  boras 
g»d  microcofmic  fait,  yielding  fphaerules  alto- 

gether 
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gether  pellucid;  but,  if  more  earth  be  gradually 
added,  the  flux,  at  length  &turated,  retains  the 
diflblved  matter,  indeed,  while  in  perfed  fufion; 
but,  on  removing  the  flame,  the  part  which  was 
taken  up  by  means  of  the  heat  alone,  feparates; 
from  hence  clouds  arife  at  firft,  and  the  whole 
globule  becomes  opaque,  and  recovers  its  tranf- 
parency  again  by  fufion.  lliis  is  entirely  cor- 
refpdndent  to  what  happens  in  the  humi4  way : 
For  warm  water,  faturated  with  nitre,  or  Glau- 
ber's  fait,  upon  cooling,  is  obliged  to  depofit 
that  part  which  it  had  taken  up  in  virtue  of  its 
warmth.  If  the  fufed  pellucid  globule  (which 
would  grow  opaque  upon  cooling)  be  quickly 
plunged  into  mehing  tallow,  water,  or  other 
fubftance,  hot,  (for  cold  generally  cracks  it),  fo 
as  to  grow  fuddenly  hard,  it  retains  its  tranfpa« 
rency,  the  particles  being  as  it  were  fixed  in  that 
ftate  which  is  neceflary  to  tranfparency.  This 
is  a  phaenomenon  highly  worthy  of  obfervation, 
which  cannot  be  feen  in  the  crucible* 

Terra  Ponder  of  a. 

Terra  ponderofa,  expofed  alone  to  the  flame, 
becomes,  like  calcareous  earth,  cauftic,  foluble 
in  water,  and  non-efFervefcent  in  acids. 

In  fal  fodas  it  efFervefces  only  a  little,  but  is 
fenfibly  diminilhed. 

In 
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In  borax  it  diffolves  with  flight  effervefcence: 

As  alfo  in  microcofmic  fah  j  but  here  it  ef- 
fervefces  fomewhat  more  violently. 

The  pbaenomena  obferved  on  faturation  with 
calcareous  earth,  have  place  here  alfo. 

Magnefia,  ignited  alone,  lofes  its  aerial  acid, 
together  with  the  property  of  effervefcing  in 
acids. 

In  fal  fods  it  efiervefces  a  Httle,  but  is  fcarce- 
ly  dimini/hed. 

In  borax  it  diifolres  with  a  flight  effervef- 
cence : 

As  alfo  in  microcofmic  fait,  but  with  a  more 
violent  motion. 

Clay. 

Common  argillaceous  earth  abounds  with 
heterogeneous  particles,  and  always  contains  a 
confiderable  quantity  of  filiceous  earth,  at  lead, 
which  generally  amounts  to  half;  hence,  when 
clay  is  required  pure,  as  in  this  inftance,  the 
earth  of  alum,  digefted  in  an  alkaline  lixivium, 
and  well  waflied,  muft  be  employed. 

Expofed  to  the  flame  it  grows  hard,  contraAs 
its  bulk,  but  does  not  fufe. 

In  fal  fodae  it  effervefces  a  little,  but  is  fpa- 
ringly  diflblved. 

In  borax  it  diflblves  with  remarkable  effer- 
vcfcence. 

In 
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In  microcofmic  fait  a  (llll  more  violent  ebaU 
Ihion  takes  place. 

Siliceous  Earth j 

Alone  it  is  not  fufed. 

Sal  fods  diflblves  it  with  violent  effervef- 
cence ;  and,  if  the  filiceous  earth  diflblved  ex- 
ceeds the  weight  of  the  flux,  it  yields  a  pelludd 
glafs.  This,  and  all  the  other  operations  with 
fal  fods,  mud  be  performed  in  the  fpoon. 

In  borax  it  diflblves  flowly,  without  any  ebul- 
lition. 

In  microcofmic  fait  very  flowly,  and  withoBt 
cffervefcence. 

5  XVII.     Derivative  Earths. 

To  avoid  confufion  from  multiplicity,  wc 
fliall  collefl:  thefe  into  clafles,  according  to  their 
moil  remarkable  habits. 

Decrepitating. 


Spathous  mineral  fluor. 
Lapis  ponderofus  (d). 


Calcareous 


{d)  This  IS  the  name  given  by  Mr  Cronfledt  (j  209,) 
to  a  fofTiIei  which  he  enumerates  among  the  ores  ot 

iroAf 
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Calcareous  fpar.    Spathum  ponderofum. 

The  decrepitation  may  be  performed  without 
fcattering,  in  a  glafs  tube  clofed  by  the  finger, 
and  held  over  the  flame. 


Jnfujible. 

Diamond.  Pure  Afbeftos  ^.  Refradoiy 
clay  ••  Hyacinth.  Hydrophaxjoqs  filiceoijs 
jafper. 

Lapis  ponderofus. 

Pure  mica  *. 

Quartz. 

Ruby.  » 

Sapphire.    Flint.    iSteatite  *. 

Topaz. 

Thofe  four  marked  with  a  *  are  indurated  by 
fire. 

7nft(ftble^ 


iron,  and  which  pofleflfes  «  peculiar  fpecific  gravity.  I 
have  attempted  the  analyfU  of  this  mineral,  and  have 
^ifcovered  in  it  lime  united  to  a  fpecies  of  acid  hither- 
to unknown ;  this  acid,  if  I  miftake  not,  is  the  radix  pf 
fome  metal.  There  is  alfo  prefent  a  portion  of  iron, 
which  is,  indeed,  but  feldom  wanting  in  minerals.  The 
fpeciBc  gravity  of  this  acid,  and  its  habitudes  with  flux- 
es, and  phlogifticated  alkali,  indicate  its  metallic  na- 
ture;— ^but  we  (hall  clfewherc  treat  of  this  matter  mor^ 
2|t  lar^e. 


496  OF  THE  BLO  W-PIPE, 

Infu/ibUy  Changing  Col§ur. 

Bolar  earths  generally  grow  black— lime, 
mixed  with  aerated  magnefia,  black ;  lime,  blac- 
kened by  fubtle  bitumen,  white. 

Of  the  gems  fome  change  or  lofe  colour; 
thefe  are,  the  cryfolith,  topaz,  and  fometima 
thefapphire. 

The  red  and  green  jafper  acquire  a  whiliih 
or  gray  colour. 

Green,  black,  and  red  fteatite  grow  white. 

Fufible  without  Ebullition. 

Martial  albedos.      Augices  (aqua  marina  *). 

Bafaltes. 

Chryfolith  •. 

Mineral  Fluor. 

Granite. 

Marga. 

Petrofilex. 

Emerald  *• 

Spathum  ponderofuni,  (this  corrodes  the 
charcoal,  and  acquires  an  hepatic  tafte). 

Spathum  pyromachum. 

Trapp. 

The  earths  marked  with  a  ♦  do  not,  but  with 
great  difficulty,  (hew  any  figns  of  fufion. 

FufMi 
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Fuftble  with  EbuUitim. 

Lithomarga. 
Schoerl  (e). 

Turmalin.    The  inflated  fcoria  quickly  grows 
white,  though  the  (lone  is  browiu 
Zeolith,» 

fufible  altogether  in  SaJ  Soda^  and  with  tffer^ 
vefcence. 

Achates. 

Chalcedony,    Cornelian.    Cos  Turcica  *• 

Mineral  fluor  *• 

Onyx.     OpaL 

Quartz.  - 

Common  flint.    Spathum  ponderofum. 

Thofe  marked  ♦  effervefce  but  little. 

Divijible  with   or  without  Effervefcence  in  Sal 
•  Soda  J  but  not  entirely  Soluble. 

Amianthus.    Afbeflos. 
Bafaltes. 
Vol.  II.  I  i  Chryfolith 

{e)  I  ufc  the  nzmts  fchocri  znd  trappy  which  arc  now 
known  all  through  Europe.  By  bafMtes  I  underftand 
larger  prifms,  which  conopofc  the  Giant's  Caufcwayy 
Sta£^  and  otlier  colomsar  mountains. 


Mica,    Matrix  of  the  alum  of  To 
Petrofilex. 

Aluminous  fehift-    Tegular  fchfl 
Emerald*     Spathum  pyromachunu 
Talc.    Trappw    Trijipcl.    Tur: 


lol 


Noifufibk  ar  dhi/tbk  by  Sal  & 


Diamond, 

Hyacimht 

Ruby. 

Sapphire* 

Topaz. 


Saluble  in  B&raXf  without  Efferv^ 

Mineral  fiuor  ^«  ^fl 

Marga*     Mica  *.     Ore  of  Tolra? 
Aluminous  fehift.      Tegular  bM 

fing  •.  m^ 

spathum  pondeTofum.    Schoerl. 
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Talc.    TurmaliiL 

Thofc  marked  *  cflfervcfcc  but  little. 


Soluble  in  Borax^  with  more  or  lefs  Efferve/cence. 
Achates*     Diamoii(L     Amianthus.     Albef- 

t08. 

Bafaltes. 

Chalcedony.  Cornelian.  Chryfolith.  Cos 
turcica. 

Garnet. 

Hyacinth.    Hydrophanous  fiiiceous  jafper. 

Lapis  ponderofus.  (llie  flux  grows  hardly 
blue ;  on  too  much  cooling  it  becomes  white 
and  opaque). 

Lithomargs^ 

Onyx.     Opal. 

Petrofilex. 

Quartz  •• 

Ruby. 

Sapphire.  Common  flint  *•  Emerald.  Stea* 
dte.    Spathum  pyromachum. 

Trapp.    Trippel.    Topaz  •. 

Zeolith. 

Thofe  marked  *  require  a  greater  quantity  of 
Hux^  and  longer  heat,  than  the  reft. 

li  2  Soluble 
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Soluble  in  Microa/mk  Salu  wHb  more  er  kfi 

Effervefcence. 

Bafaltes  •• 

Cos  turcica. 

Mineral  fluor  *. 

Lapis  ppnderofus. — It  effcrvefces  at  firft,  then 
fcarcely  diflblves :  The  flux  acquires  a  fine  blue 
tinge,  without  any  mixtiire  of  rednefs.  The 
colour  is  difcharged  by  the  exterior  flame,  or 
by  a  fmall  quantity  of  nitre,  but  is  reftored  by 
the  interior  flame ;  if  the  proportion  of  earth  be 
large,  it  acqiiires  a.  pellucid  brown  colour  sot 
difchargeable  either  by  nitre  or  the  flame ;  if 
ftill  larger,  it  grows  black  and  opaque. 

Marga.     Mica  *.     Aluminous  ore  of  Tolfi. 

Aluminous  fchifl:.  Tegular  fchift  of  Hcl- 
fing  *.     Schoerl.     Spathum  ponderofum. 

Turmalin  *• 

Thofe  marked  *  effervefce  t^ut  little. 

Soluble  in  Microcofmic  Salty  without  Effervcfcasu 

Agate.     Diamond.      Amianthus.     Afbellofc 
Chalcedony  *.     Cornelian  ••     Cryfolith  *. 

Granite. 

Hornblende.     Hyacinth.     Hydrophanous  fr 
liceous  j  iTper  *• 
Lithomarga. 
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Onyx  *.     Opal  •• 
Petrofileac 

(^artz  *. 

Ruby. 

Sapphire.  Comoion  flint.  Emertld.  Stea* 
tites. 

Spatfaum  pyromachnm. 

Talc.    Topaz.    Trapp.    Tripptl. 

Zeolith. 

Thofe  marked  *  are  more  difficultly  diflblved 
than  the  reft,  and  fcarce  fenfibly. 

In  general  it  is  to  be  obferved,  ift,  That, 
trhen  die  efiervefcence  is  to  be  examined,  only 
a  very  fmall  piece  of  the  matter  is  to  be  added 
to  the  flux,  as  the  moft  fubtile  powder  contains 
air,  which,  being  expelled  by  the  heat,  forms 
the  appearance  of  effervefcence.  ad.  That  the 
folution  is  often  accelerated  by  lime,  fpathum 
ponderofum,  gypfum^  and  othfer  additaments, 
both  in  borax  and  microcofmic  fait.  3d,  That 
gypfum  alone  is  fometimes  an  excellent  and 
very  ufeful  flux.  This  fait,  with  an  equal  por- 
tion of  fiuor  mineral,  is  eafily  reduced  to  a  pel« 
lucid  globule,  which  yet,  upon  cooling,  grows 
vhite  and  opaque.  The  fpathum  ponderofum 
alfo  unites  with  mineral  fludr,  but  the  mafs  does 
not  become  pellucid. 

I  i  3  S  xviil* 
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$  xviii.    Different  Species  of  Inflammable  Sut* 
Ranees. 

The  whole  theory  of  inflammation  depends 
upon  that  fubtile  principle  which  goes  by  the 
name  of  phlogifton  ;  but  this,  fo  far  as  is  yet 
known,  can  never  be  colleded  pure  and  alooe, 
but  always  requires  a  fultable  bafe,  to  whidi  it 
muft  be  connected,  in  order  to  become  manag^ 
able.  Scarce  any  body  exifts  entirely  deftitote 
of  it,  but  a  certain  accumulation  of  it  is  necef- 
lary  for  deflagration ;  this  accumulation  takes 
place  in  fpirit  of  wine,  in  oils,  in  fulphur,  in 
zinc,  arfenic,  and  perhaps  in  tin.  It  is  alfo  ne- 
ceflary  that  its  connexion  fliall  be  fo  loofe  that 
the  circumambient  pure  air  may  difiblve  the  tt^ 
nion. 

The  dry  inflammable  fubftances,  which  alone 
are  here  to  be  confidered,  are  of  two  kinds,  fit 
either  coagulated  and  indurated  oils,  which  are 
commonly  called  bitumens,  or  an  acid  faturated 
with  phlogifton,  fuch  as  fulphur.  Some  of  the 
bitumens  are  pure,  fuch  as  aiphaltus,  amber- 
gris, and  amber ;  others  refiding  in  a  copious 
earthy  bafe :  Hence  we  have  mountain  pitdi, 
bituminous  fchifts,  and  lithanthraces. 

Vitriolic  fulphur  is  feldom  found  alone :  It 
readily  unites  with  other  matters,  cfpcazU] 
metals;  and  hence  refuft  mineralizations,  vhii 
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belong  the  more  ezprefsly  to  metals,  as  it  is 
certain  that  they  are  very  feldom  inflammable; 

%  xin.    Habitudes  of  Inflammable  Subflances  in 
the  Fire^ 

Mod  of  the  inflammable  fubftances,  when 
eiqx>fed  to  the  apex  of  the  flame,  begin  to  li' 
quefy,  unlefs  entangled  in  much  earth,  which 
yet  does  not  always  prevent  their  inflammation: 
.When  they  are  once  inflamed,  let  the  blaft  be 
flopped  until  they  have  burned  away,  either 
alone  or  with  a  flux ;  and  the  refiduum,  if  any, 
be  examined  afterwards  by  the  flame. 

Ambergris  burns  with  a  white  odoriferous 
and  finoky  flame ;  when  very  pure,  it  is  totally 
confumed  by  degrees,  but,  when  impure,  it  is 
extingulflied,  leaving  behind  a  black  mafi^, 
.which  foon  grows  white  by  ignition,  and  con- 
fids  partly  of  a  calcareous  powder. 

Traniparent  amber  exhibits  almofl  the  £lme 
habits ;  but  by  heat  in  the  fpoon  it  vaniflies  to^ 
tally }  fo  that  this  way  we  can  hardly  form  any 
judgment  concerning  a  refiduum,  which  yet  is 
eafily  obtained  frbm  opaque  amber. 

Pure  afphaltus  bums  with  a  fmoke^  and  is  to- 
tally confumed,  withbut  any  refiduum. 

Mountain  pitch  leaves  black  fcorise,  finning. 
and  brittle. 

Bituminous 
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Bittftninoud  fchift  and  ikhOfithtaCtti,  btfite 
their  matrix,  leave  an  6ily  coaft  or  tftn  fpoigy 
fcorix,  if  the  refiduum  liquefies  at  all. 

Common  folphur  readily  fufea  alone,  and 
grows  red  ;  it  takes  fire,  and  is  confumed  with 
a  blue  flame,  and  a.moft  penetrating  fufiba* 
ting  odour. 

Molybdasna  cotitains  a  p<irtion  of  commm 
fulphur  united  to  a  peculiar  (g)  acid.  TUi 
does  not  take  fire,  and  upon  the  charcoal  faf* 
fers  little  change ;  but,  expofed  to  the  flame  in 
the  fpoon,  it  depofits  a  white  fmoke  in  the  di« 
reflion  of  the  blafl: ;  this  finc^e,  by  die  contafi 
of  the  interior  co«ie,  grows  blue,  but  lofes  its 
colour  by  the  exterior  cone :  It  is  fcarcdj 
changed  by  borax  and  microcofmxc  fait,  but  dot 
folves  in  fal  fodft  with  tlolent  effervefcenoe;  ob 
fufion  it  grows  red  and  tranfparent;  on  coolings 
dilutely  red  and  opaque,  and  has  an  hqntic 
fmelL 

Plumbago,  another  fpecies  of  fulphur,  coiu 
tains  aerial  acid  loaded  with  phlogifton  (b)i 
on  burning  it  fmokes,  but  the  fmoke  is  onif 
feen  at  the  inftant  the  flame  ceafes.  It  di£Fen 
from  molybdsena  in  this,  that  it  depofits  n> 
white  powder,  and  particularly  in  not  being 
taken  up  by  fal  fodde.;  it  U  not  changed  by  Iffh 
rax  or  microcofthife  fait* 

The 

(^)  Mr  Scheelc,  A<ft.  Stockholm.  1777. 
{&)  Ibid. 
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Tlte  0KS\rfi!€l&  »e  called  iflflammabk,  take 
fire  diflkultly ;  fome  cf  them  are  fcarcely  cbaa- 
ged ;  others  are  confumed,  or  fly  oiT,  leaving 
-Oe  iMctsAUc  calx  behind* 

hk  gAieral  the'  fluxes  are  tinged  by  phlogiCi 
i6tk ;  but,  Hftlefs  this  volatile  principle  be  fixed 
by  fome  metallic  calx,  the  tinge  is  eafily  de- 
Aroyed  by  burning. 

$  XX.     Dffffrent  Forms  under  %ubkb  MetaU 
appear. 

The  metals  are  diftinguffliabte  from  all  ofler 
Ibbftances  by  their  pecuKar  fplendour  and  fa. 
Ipmxxt  fpecxfic  gravity :  They  occnt  in  the  bo* 
Ibm  of  the  earth  in  three  diflFerent  ftates,  either 
altogether  in  a  metallic  form,  in  which  cafe 
they  are  called  native;  or  fimply  deprived  of 
pMogifton,  and  refembling  earths,  trhen  they 
are  denominated  calciform  ;  or,  finally,  diffolved 
by  fulphur  or  acids,  on  which  occaikm  they 
fake  the  appellation  of  mineralized.  Each  of 
thefe  forms  ihall  be  feparately  confidered. 

5  XXI,    Varioju  Habits  of  Metals  in  tbe  Ftre. 

The  metals  expofed  to  the  ftasne  do  not  alt 
4ew  the  fame  habits^ 

Irhe  perfed  metals  do  not,  even  in  the  moft 
AOKsSk  heat,  lofc  a  fenfible  tjuantity  of  their 

phlogifton  } 
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phlogifton;  and,  when  calcined  inthebuniid 
way,  recover  their  former  nature  fimply  by  fb* 
fion. 

The  imperfeft  metak  are  calcined  by  fire^ 
efpecially  by  the  exterior  flame,  and  then,  ia 
order  to  being  reduced,  indifpenlably  require 
the  contaQ  of  a  phiogiftic  fubftance. 

With  refped  to  fulibility,  mercury  forms  ose 
extreme,  as  it  fufes  in  the  ordinary  temperature 
^of  the  atmofphere,  it  cannot  therefore  be  har 
dened  but  by  artificial  cold,  and  is  always  in  fu- 
fion,  always  fluid ;  the  reft  follow  in  this  order: 
Tin,  bifmuth,  lead,  zinc,  antimony,  filver,  gold| 
arfenic,  cobalt,  nickel,  iron,   manganefe,  an^ 
finally,  platina,  which  forms  the  other  extreme^ 
.as  it  fcarcely  fiifes  but  in  the  focus  of  a  burn- 
ing mirror;  all  thefe,  the  twb  laft  excepted, 
yield  to  the  blour>pipe  without  any  additameoL 
•  Forged  iron,  indeed,  is  not  melted  without  dif' 
ficulty,  but  fufed  iron  perfedly. 

With  refpedl  to  fixity,  fome  fly  oflF  all  alto- 
gether, others  are  partly  and  flowly  refolded  i» 
to  fmoke. 

Metals  in  fufion  aflfed  a  globular  form,  ao4 
therefore,  eafily  roll  off  the  charcoal,  efpeciaO/ 1 
if  they  are  of  the  fize  of  a  grain  of  pq)perj 
therefore,  either  finaller  pieces  (hould  be  \M 
or  they  fliould  be  placed  in  excavations  mi*  I 
in  the  furface  of  the  charcoal.     On  firft  fufej  I 
-they  afliune  apoUfhed  furface,  an  appearaflal 
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^hich  the  perfed  metals  always  retain :  But  the 
imperfed  are  foon  obfcured  by  a  calcined  pdl- 
licle ;  for  the  furrounding  air  attra&s  the  phlo- 
^ifton  with  great  avidity,  efpecially  when  affifted 
by  heat,  which  yet  alone  is  not  able  to  ezpd 
that  principle. 

The  colours  communicated  to  the  calxes  by 
fire  vary. 

Some  of  the  calxes  eafily  recover  their  metal* 
Uc  form  (imply  by  expofure  to  flame  upon  the 
charcoal ;  others  are  reduced  in  this  way  with 
difficulty,  and  fome  not  at  all. 

The  reduced  calxes  of  the  volatile  metals  im« 
mediately  fly  off. 

In  the  fpoon  they  exhibit  nitrous  globules  ; 
but  it  is  very  difficult  to  prevent  them  from  be* 
ing  fiHl  diffipated  by  the  blait 

With  Fluxes. 

The  metals  are  taken  up  by  the  fluxes  ;  but, 
as  fal  fodse  yields  an  opaque  fphaerule,  we  ne* 
glea  it. 

Globules  of  borax,  upon  the  addition  of  any 
metallic  calx,  diflblve  and  fufe  it,  and,  unlefs 
too  much  loaded,  appear  coloured  and  pellucid. 
^  piece  of  metal  calcined  in  the  flux  produces 
Ihe  fame  effed^  but  more  flowly. 
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A  portion  of  the  calk  gmenJIy  tecovtti  !■ 
metallic  form,  and  floats  upon  the  fur&ce,  Uki 
one  or  more  excrdcences. 

In  proportion  as  the  g^bule  is  more  lotded^ 
it  more  readily  Ipreadt  upon  the  charcoal^  anl 
at  length  cannot  be  formed  into  a  globule ;  te 
the  metalHc  additament  increafea  the  attradioa 
for  phlogifton, 

.  The  calxcB  of  the  perfeft  metals  are  veduced 
by  boncK  in  the  fpoon,  and  adhere  to  it  al  the 
point  of  €onta£k,  and  there  only* 

The  microcofmic  (alt  a£b  13c€  boraift,  M 
does  not  reduce  the  metals;  it  attacks  them 
more  powerfully  on  account  of  ks  acid  satwet 
at  the  fame  time  it  prefenres  the  fphaerical  form, 
and  is  confequently  adapted,  in  a  peculiar  msfr 
Her,  for  the  examination  of  metals. 

The  tinge  communicated  to  the  flux  frequent- 
ly varies,  being  difierent  in  the  fiifed  and  the 
cooled  globule,  and  that  in  a  double  and  alto- 
gether different  manner ;  for  fome  of  the  dif- 
folved  calxes,  while  fufed,  ihew  no  colour,  but 
acquire  one  on  cooling  ;  others,  in  the  ftate  of 
fluidity,  have  a  much  more  intenfe  colour.    If 
too  great  a  concentration  of  colour  injures  the 
transparency^  the  globule,  on   comprefling  i 
with  the  fbrceps,  or  drawing  it  out  into  a  thfeadi 
will  exhibit  a  thin  and  tranfparent  mafs ;  bu^ 
if  the  opacity  arifes  from  fuperfaturation,  this 
artifice  will  not  ferve,  but  more  flux  mud  be 

added 
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^ded«  No  metal,  unlels  calcined,  communi* 
cates  a  tiage.  As  the  fluxes  attraft  the  metals 
vrith  unequal  forces,  thele  laft  precipitate  one 
another. 

Metals,  mineralized  by  acids,  poflefs  the  pro* 
perties  of  metallic  falts  ;  and  thofe  loaded  with 
aerial  acid  that  of  calxes,  as  this  fubtile  ment 
firuum  is  eafily  expelled  without  any  eflServef* 
^nce;  but,  when  loaded  with  fulphur,  diey 
poflefs  properties  of  a  peculiar  kind.  They  may 
be  fufed,  nay  calcined,  upon  the  charcoal,  as 
alio  in  a  golden,  or  well  gilded  filver  fpoon* 
The  volatile  are  diftinguifliable  by  the  finell  or 
finoke,  the  fixed  refidua,  by  the  particles  redu- 
ced or  precipitated  upon  iron,  or  from  the  tinge 
of  the  fluxes.  We  fliall  now  examine  the  more 
iimple  cafes,  and  treat  of  the  more  complex  in 
another  work  (h). 

$  XXII.    Gold  in  a  ReguHne  Stale. 

ReguUne  gold  fufes  upon  the  charcoal,  and 
is  the  only  one  which  remains  unchanged. 

Calcined. 

That  gold  may  be  deprived  of  its  phlogifton 
in  the  humid  way,  has  been  already  fliewn ; 

this 
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this  calx  may  be  reduced  by  fire  alone  (S  xxi.)) 
but  that  this  calcination  may  alfo  be  effected  laj 
fire,  is  feen  from  the  ruby-coloured  glafs,  whidi 
may  be  made,  even  by  the  blow-pipe,  in  the 
following  way : 

To  a  globule  of  microcofmic  fidt  let  there  be 
added  a  fmall  piece  of  folid  gold,  of  gold  lea^ 
of  purple  mineral,  or  (which    is  beft)  of  die 
cryftalline  fait  formed  by  a  folution  of  gold  ia 
aqua  regia  in  which  fea-falt  is  contained;  let 
this  be  again  fufed,  and  added,  while  yet  foft, 
to  turpeth  mineral,  which  immediately  grows 
red  on  the  warm  contad.     The  fufion*  being 
afterwards  repeated,  a  vehement   efifenrefcence 
ftrifes  ;  when  this  is  confiderably  diminifhed  let 
the  blafl  be  flopped  for  a  few  moments,  agaio 
begun,  and  fo  continued,  until  almofl  all  die 
bubbles  difappear.      After  this  fometimes  the 
fphsrule,  on  cooling,  afTumes  a  ruby  colour; 
but  if  this  does  not  happen,  let  it  be  juft  made 
foft  by  the  exterior  flame,  and  upon  hardening 
this  tinge  generally  appears.      If  the  proccfs 
fhould  fail  at  firft,  owing  to  minute  circumflances 
which  cannot  be  defcribed,  it  will  fucceed  on 
the  fecond  or  third  trial.     The  ruby-coloured 
globule,  if  comprefled  by  the  forceps  while  foft, 
often  becomes  blue  ;  by  fudden  fiifion  it  gene- 
rally aflumes  an  opal  colour,  which  by  refraftion 
appears  blue  ;  by  refledion,  a  brown  red  :  But 
if  further  urged  by  the  fire  it  lofes  all  colour, 

tnd 
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tfid  appears  like  water ;  yet  the  rednefs  may  be 
re-produced  feveral  times,  by  the  addition  of 
turpeth  mineral. 

In  the  fame  way  the  flux  is  reddened  by  calx 
of  tin,  in  the  place  of  the  turpeth  ;  but  it  has  a 
yellowifh  hue,  and,  befides,  more  eafily  contrads 
opacity.  The  rednefs  communicated  by  turpeth 
mineral  is  of  a  purple  fort,  altogether  like  that 
of  a  ruby. 

Borax  produces  the  lame  phaenomena,  but 
more  rarely.  It  muft  aifo  be  obferved,  that  the 
fljghteft  variation  in  the  management  of  the  fires 
often  makes  this  experiment  faiL 

As  the  ruby  colour  may  alio  be  produced  by 
copper  (§  xxvii.),  a  doubt  may  arife,  whether 
it  be  the  gold,  or  the  remains  of  the  copper 
(which  cannot  be  completely  feparated  either 
ify  antimony  or  nitre)  which  in  this  cafe  pro- 
duces the  red  colour :  But  it  is  not  improbable 
diat  both  metals  may  occafion  the  fame  colour  ; 
befides,  copper  is  often  found  to  contain  gold. 


Mineralized  Gold. 

Gold  cannot  be  diredly  united  with  fulphur  ; 
but  by  means  of  iron,  which  attrads  both  fltrong- 
Vf^  they  are  fometimes  found  united  into  a  gold- 
en pyrites  :  But  as  die  quantity  of  gold  is  very 
imall,  a  vifible  globule  can  fcarcely  be  extrac- 
ted 
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ted  by  fufion  and  fcorification  bj  the  blow, 
pipe. 

I  have  as  yet  had  an  opportunity  of  examine 
ing  the  ore  of  Nagyay  only  imperfediy :  Upoa 
the  charcoal  it  finokes  a  little^  liqud&es,  and 
finally  yields  a  white  globule,  bright  like  filvcr, 
and  malleable  ;-*-a  yellow  cloud  is  obferved  a^ 
lyout  it.  Borax  takes  it  up  without  eflferref* 
cence  or  tinge ;  but  microcofmic  fait,  with  cf« 
fervefcence,  and  of  a  browniih  red }  but  bj 
long  fiiofin  the  tinge  Is  difcharged,  and  cannot 
be  brought  back,  either  by  the  exterior  flame 
pr  nitre.  A  metallic  globule  like  the  former 
^oats  in  the  flux. 

5  xxiii«    Platma. 

Native  grains  of  platina  do  not  at  all  yield  to 
our  fire,  either  alone  or  mixed  with  fluzeSi 
which  yet  it  often  tinges  of  a  green  colour ;  but 
platina,  precipitated  from  aqua  regia  by  vcg^ 
table  or  volatile  alkali,  is  reduced  by  microcof- 
mic fait  to  a  fmall  nudleable  globule ;  feven  or 
right  of  thefe,  flattened  by  the  hammer,  1  have 
been  able  to  bring  together  to  a  malleable  mafs; 
but  more  only  yielded  a  brittle  one.  Platina 
fcarcely  lofs  all  its  iron,  unlefs  reduced  to  very 
thin  fuflon  ;  hence  it  eafily  appears  how  difficult 
the  depuration  of  a  large  mafs  muft  be. 

§  XXIV. 
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S  XXIV.     Silver^  Reguline. 

R^^uline  filver  eafily  liquefies,  and  refifts 
calcinatioxL 

Silver Jeaf,  faftened  to  a  thin  glafs  by  means 
of  the  breath,  or  a  folution  of  borax,  may  eafily 
be  fixed  on  it  by  the  flame,  and»  what  is  remark- 
able, through  the  glafs  it  appears  of  a  gold 
colour ;  but  care  muft  be  taken  not  to  crack 
the  glafs. 

Calcined  Silver. 

Calcined  filver,  precipitated  from  nitrous  acid 
by  fixed  alkali,  is  eafily  reduced. 

The  microcofmic  fait  diflblves  it  quickly  and 
copioufly,  but  upon  cooling  it  grows  opaque, 
of  a  whitifh  yellow,  which  is  alfo  fometimes  the 
cafe  with  leaf-filver ;  if  copper  be  prefent  it  is 
difcovered  by  a  green  colour,  and  fometimes  by 
a  ruby  tinge,  unlefs  we  rather  chufe  to  impute 
that  to  gold.  The  globules  can  fcarcely  be  got 
pellucid,  except  the  quantity  of  calx  be  very 
fmall,  but  with  borax  a  longer  fufion  is  neceiTa- 
ry  to  obtain  an  opacity. 

The  globule  loaded  with  diflblved  filver,  du- 
ring fufion  in  the  fpoon,  covers  a  piece  of  copper 
added  to  it  with  filver,  and  becomes  itfelf  of  a 
pellucid  green  :  antimony  fpeedily  takes  away 
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the  nulky  opacity  of  diflblved  lana  cornea,  and 
fq>arates  the  filler  in  diftind  grains.  Cobah 
and  moft  of  th^  other  metals,  alfo  prcapitate 
filler  in  the  lame  way  as  by  the  humid  method, 
L  e.  a  double  elective  attra&ion  takes  {dace. 
The  metal  to  be  diflblved  remains  untouched  &> 
long  as  it  retains  all  its  phlogifton  ;  but  is  ta- 
ken up  when  a  fufficient  quantity  of  that  prin- 
ciple has  Ihifted  to  the  precipitate,  and  redu* 
ced  it. 

Mineralized  Silver. 

Silver  mineralized  by  marine  and  vitriolie 
acid,  yields  a  natural  luna  cornea,  which  upon 
the  charcoal  produces  a  number  of  fmall  me* 
tallic  globules  :  It  diflblves  in  microcofmic  iait, 
and  renders  it  opaque :  It  is  reduced,  at  leaft 
partially,  by  borax. 

Sulphurated  filver  (the  glaflj  ore  of  filver) 
fufed  upon  the  charcoal,  eafily  parts  with  the 
minerallaing  fubftance  ;  fo  that  a  poliflied  glo- 
bule  is  often  produced,  which,  if  neceflary,  may 
be  depurated  by  borax :  The  filver  may  alfo  be 
precipitated  by  the  addition  of  copper,  iron,  or 
manganefe. 

If  arfenic  be  alfo  prefent  (as  in  the  red  ore  of 
filver)  it  muft  be  firft  freed  from  the  fulphuF 
by  gentle  roafling ;  and  finally  entirely  depura* 
t^d  by  borax  :  It  decrepitates  jtt  firft. 

Copper, 
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Copper,  together  with  fulphur  and  arfenic, 
mixed  with  filver  (the  white  ore  of  filver)  yields 
a  regulus  containing  the  fame  alloy. 

Lead,  loaded  with  fulphur  and  (ilver  (galena) 
is  to  be  freed  in  the  fame  way  from  the  fulphur^ 
after  which  the  lead  is  gradually  diffipated  by 
alternately  fufing  and  cooling,  or  is  feparated 
in  a  cupel  from  the  filver,  by  means  of  flame. 
In  galena  I  have  not  yet  been  able  to  precipitate 
the  filver  diilind  from  the  lead,  but  the  whole 
mafs  becomes  malleable :  The  iame  is  true  of 
tin,  but  the  mafs  is  more  brittle. 

§  XXV.     Mercury. 

Pure  mercury  upon  the  charcoal  flies  off  by 
a  moderate  heat,  the  fixed  heterogeneous  matters 
(if  any  there  be)  remaining  behind. 

When  calcined  it  is  eafily  reduced  and  diffi- 
pated :  The  fluxes  take  it  up  with  effervefcence, 
but  it  is  foon  all  driven  off. 

I  have  never  yet  had  an  opportunity  of  exa- 
mining mercury  naturally  mineralized  by  acids, 
but  this  is  undoubtedly  volatile.  When  loaded 
with  fulphur  it  liquefies  upon  the  charcoal, 
Ihews  a  blue  flame,  fmokes,  and  gradually  dif- 
appears ;  but  if  cinnabar  be  expofed  to  the  blow- 
pipe upon  poliflied  copper,  the  mercurial  glo« 
bules  are  fixed  all  around, 
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ed  with  iron*    It  maj  be  precipitated  by  irou 
and  copper. 

S  xxYiu    Coffer^  reguUne  and  calcined. 

A  fmall  piece  of  copper,  either  iblid  or  folia* 
ted,  fommetimes  communicates  a  ruby  colour 
to  fluxes,  efpecially  when  aflifted  by  tin  or 
turpeth  mineral  ($  xii.) :  If  the  copper  be  a 
little  more  or  a  little  further  calcined,  it  pro- 
duces a  green  pellucid  globule,  the  tinge  of 
which  grows  weaker  by  cooling,  and  even  ver- 
ges to  a  blue.  By  long  fiifion  with  borax  on 
the  charcoal  (but  hardly  in  the  fpoon)  all  the 
colour  is  at  length  deftroyed,  and  can  fcarcely 
be  re-produced  by  nitre,  but  this  colour  remains 
fixed  with  microcofmic  lalt.  If  the  calx,  or 
metal  to  be  calcined,  during  fufion  is  added  in 
confiderable  quantity,  upon  cooling  it  acquires 
an  opaque  red,  although,  while  fufed,  it  is  pel- 
lucid and  green ;  by  a  ftill  larger  quantity  it 
contrads  opacity,  even  while  in  fufion,  and  up- 
cm  cooling  a  metalic  fplendour.  Vefiiges  of  cop- 
per, fo  faint  as  fcarcely  to  tinge  the  flux,  pred- 
jntate  a  vifible  pellicle  upon  a  piece  of  poliflied 
iron  added  to  it  during  ftrong  fufion,  and  the 
globule  in  its  turn  takes  the  colour  of  iron  :  In 
.  this  way  the  fmalleft  portions  of  copper  may  be 

difcovered. 
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The  globule  made  green  by  copper,  fufed  in 
the  fpoon  with  a  fmall  piece  of  tin,  until  the 
colour  is  difcharged,  yields  a  Xphaerule  of  tin, 
mixed  with  copper,  very  hard  and  brittle :  In 
this  cafe  the  precipitated  metal  pervades  the 
whole  of  the  mafs,  and  does  not  adhere  to  the 
furface. 

Cobalt  precipitates  the  calx  of  copper,  dif- 
folved  in  the  fpoon  by  flux,  in  a  metallic  form, 
and  imparts  its  own  colour  to  glafs,  which  nic- 
kel cannot  do.  Zinc  alfo  precipitates  it  fepa- 
rately,  and  rarely  upon  its  own  furfsice,  as  its 
fufion  can  fcarcely  be  avoided. 

Mineralized  Copper. 

Copper  loaded  with  aerial  acid,  at  the  firft 
touch  of  the  flame  grows  black,  and  fiifes  in 
the  fpoon:  On  the  charcoal  the  lower  part, 
which  touches  the  ignited  fupport,  is  reduced. 

When  loaded  with  a  fuperabundance  of  ma- 
rine acid  it  tinges  the  flame  (§  xir.) ;  but 
with  a  fmall  quantity  it  fliews  in  that  way  no 
appearance  of  the  metal.  Thus  the  beautiful 
cryftals  of  Saxony,  which  are  cubic,  and  of  a 
deep  green,  do  not  tinge  the  flame ;  they  im- 
part to  microcofmic  fait  a  pellucid  greennefs. 
I  could  not  obtain  with  that  fait  an  opaque  red- 
nefs,  although  this  colour  is  eafily  produced  in 
a  globule  of  borax. 

Copper 
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Copper  limply  fulphurated,  (aflien  ore  of 
copper)  when  cautioully  and  gendy  roafted  by 
the  exterior  flame,  finally  by  fiifion,  yields  a  re- 
gains furrounded  by  a  fulphurated  emit ;  the 
mafs,  roafted  with  borax^  feparates  the  regulus 
more  quickly. 

When  iron  is  prefent,  but  in  finall  quantity^ 
the  piece  to  be  examined  muft  be  firft  roafted  } 
let  it  then  be  difiblved  in  borax,  and  tin  added 
to  precipitate  the  copper.  The  regulus  may 
alfo  be  obtained  by  fufficient  calcination  and 
fufion,  even  without  a  precipitant,  unlefs  the 
ore  be  very  poor. 

When  pyrites  contain  copper,  though  lefa 
than  0,0 1  of  their  weight,  yet  its  prefence  may 
be  deteded  by  thefe  experiments  in  fmall :  Let 
a  grain,  the  fize  of  a  flax  feed,  be  roafted,  but 
not  fo  much  as  to  expel  all  the  fulphur  ;  let  it 
be  then  well  diflblved  by  borax,  a  poliflied  rod 
of  iron  added,  and  the  fufion  continued  until 
the  furface,  when  cooled,  lofes  all  fplendour. 
So  much  borax  is  required  as  will  be  fufficient 
to  make  the  whole  of  the  fize  of  a  grain  of 
hemp^feed.  Slownefs  of  fufion  is  injurious,  and 
by  too  great  tenuity  the  precipitation  is  retard- 
ed ;  this  may  be  correded  by  the  addition  of  a 
little  lime :  Too  much  calcination  is  inconve- 
nient ;  for  by  this  the  globule  forms  flowly,  is 
fomewhat  fpread,  becomes  knotty  when  warm, 
corrodes  the  charcoal,  deftroys  the  iron,  and  the 

copper 
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copper  does  not  precipitate  diftin£dy ;— this  de- 
fed  is  amended  by  a  fmall  portion  of  the  erode 
ore. 

When  the  globule  is  properly  fufed,  as  di- 
refledy  iimnediately  upon  flopping  the  flame 
let  it  be  thrown  into  cold  water,  in  order  to 
break  fuddenly :  If  the  cupreous  content  be  lefs 
than  0,0 1,  one  end  of  the  wire  only  is  covered 
with  copper,  which  otherwife  would  be  entirelj 
covered. 

The  celebrated  Gahn,  who  has  examined 
copper  ores  ^th  peculiar  accuracy,  has  another 
method  of  difcovering  the  fmaller  traces  of  that 
mecal ;  namely,  a  grain  of  the  ore,  well  freed 
from  fulphur  by  calcination,  is  expofed  to  the 
adion  of  the  flame,  driven  fuddenly  upon  it, 
per  vices;  and  at  thefe  inftants  a  cupreous  fplen- 
dour  appears  upon  the  furface,  which  otherwife 
is  black  j  and  this  fplendour  is  the  more  quick- 
ly produced,  in  proportion  as  the  ore  is  poorer. 

Cupreous  pyrites,  on  roafting,  tinges  the  flame 
green. 

§  XXVIII.    Iron^  reguline  and  calcined. 

Forged  iron  is  calcined,  but  can  fcarcely  be 
fufed,  and  when  fufed  liquefies. 

Forged  iron  cannot  be  fufed  by  borax ;  it 
fufes  in  microcofraic  fait,  but  is  rendered  brit. 
tie. 

Calcined 
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Calcined  iron,  hj  headng  on  the  charcoaly 
becomes  magncric— in  the  fpoon  it  fiifi». 

The  fluxes  grow  green  with  this  metal ;  but 
in  proportbn  as  the  phlog^on  is  more  deficient 
they  grow  more  of  a  brownifli  yellow:  Oa 
cooling,  the  tinge  is  much  weakened;  nay, 
when  originally  weak,  entirdy  raniflies.  By 
too  mnch  iatoration  the  globule  becomes  black 
and<^>aqae. 

The  fuljAureons  pyrites  may  be  collefted  in* 
to  a  globule  by  fufion,  and  is  firft  furrounded 
by  a  blue  flame ;  but  as  the  metal  is  eafily  cal- 
chied,  and  changes  into  black  fcoria:,  neither 
by  itfeif,  nor  with  fluxes,  does  it  exhibit  a  rcgu« 
lus ;— on  roafting  it  grows  red. 


§  XXIX.    Tin,  reffiUne  and  calcined. 

Tin  eafily  liquefies,  and  is  calcined. 

The  fluxes  dift>lve  the  cabc  fparingly ;  and, 
when  faturated,  contraft  a  milky  opacity. 
Some  flight  veftiges  of  this  metal,  diflblved  in 
any  flux,  may  be  diftindly  precipitated  upon 
iron. 

Cryftallized  ore  of  tin,  urged  by  fire  upon 
the  charcoal,  yields  its  metal  reduced. 


^»f   •      O^THIBLOW.P1P£« 

S  XXX.    Bykattbt  nguUm  MdMkmed^ 

•    '      ■ 
Bifinuth  has  nearly  the  fame  habkt  as  lead} 

the  calx  is  reduced  upon  the  coal }  it  is  fuied  ia 

jthe  fppoiu 

Tlie  calx,  di£R>lved  in  microcofinic  fidt,  yidds 
jicbrownifh  yellow  globule  which  grows  more 
pale  upon  cooling,  at  the  fame  time.lofing  fome 
of  its  tranfparency :  By  too  much  calx  a  perfeft 
opacity  is  produced. 

.  A  fimilar  mais  is  obtained  with  borax  in  the 
fpoonj  but  on  the  coal  a  gray  one,  which  can 
Icarcdy  be  freed  from  bubbles*  On  fufion,  die 
glafs  fhiokes,  and  forms  a  cloud  about  it. 

Bifinuth  is  eafily  precipitated  by  copper  and 
iron. 

Mineralized  Bi/mutb. 

Sulphurated  bifmuth  is  eafily  fufed,  exhibit- 
ing a  blue  flame  and  a  fulphureous  fmelL  Co« 
bait,  when  added,  by  means  of  the  fulphur,  en- 
ters the  globule  (  but  the  fcoria  foon  fwells  into 
diftin&  partitions,  which,  further  urged  by  fire,, 
exfudes  globules  of  bifmuth. 

Sulphurated  bifmuth,  by  the  addition  of  bo- 
rax, may  be  diftin£lly  precipitated  by  iron  or 
manganefe. 

§  XXXI. 
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%  xzxi.    l^ielt  reffiUtu  and  calcined* 

The  rcgulus  of  nickel  fufed  is  indeed  cal« 
dned,  but  more  ilowly  than  other  metals. 

The  calx  imparts  to  fluxes  an  hyacinthine 
colour,  which  on  cooling  grows  yellow,  and  by 
long  continued  fire  may  be  deftroyed ;  if  the 
calx  of  nickel  is  contaminated  by  ochre  of  iron, 
the  latter  is  firft  diflblved.  Nickel  diflblved  is 
precipitated  on  iron,  nay  on  copper-— an  evident 
proof  that  it  does  not  originate  from  either  of 
thefe  metals. 

Mineralized  Nickel. 

Sulphurated  nickel  is  no  where  found  with- 
out iron  and  arfenic  :  The  regulus  is  obtained 
by  roafUng,  and  fufing  with  borax,  though  it 
ftill  remains  mixed  with  fome  other  metals. 

$  XXXII.     Jr/eniCy  reguline  and  caJcined. 

Regulus  of  arfenic  kindles  by  a  fudden  heat, 
and  not  only  depofits  a  white  fmoke  on  the 
charcoal,  but  diffufes  the  fame  copiouily  all 
around.  The  calx  finokes  with  a  garlic  odour, 
but  cannot  bum. 

By  a  proper  quantity  the  fluxes  grow  yellow, 
without  opacity }  and  by  a  long  continued  fire 

the 
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tbe  volatile  addicament  is  difpelled.  Iron  and 
copper  precipitate  thi»  femi-metal  under  a  me« 
tallic  form,  which  gold  is  not  able  to  do. 

Yellow  arfenic  liquefies,  fmokes,  and  totally 
flies  oflF:  When  heated  by  the  exterior  flme, 
fo  as  neither  to  liquefy  nor  fmoke,  it  grows  red, 
and  again,  upon  cooling,  yellow ;  if  it  only  be* 
gins  to  fiife,  it  acquires  a  red  colour,  which  re« 
mains  after  cooling.  Realgar  liquefies  more 
eafily,  and  is  befides  totally  diifipated. 

§  xxxnu    Cchalt^  reguline  and  eaJchnd. 

The  regulus  of  cobalt  fufes,  and  may  partly 
be  depurated  by  borax,  for  the  iron  is  firft  cal- 
cined and  taken  up.  The  fmalleft  portion  of 
the  calx  tinges  the  flux  of  a  deep  blue,  which 
yet,  when  feen  by  rcfraaion,  appears  violet : 
This  colour  is  very  pertinacious  in  the  fire. 
Cobalt  is  precipitated  upon  iron  from  the  blue 
globule,  but  not  upon  copper. 

When  calx  of  iron  is  mixed  with  that  of  co- 
balt in  a  flux,  the  former  is  diflblved. 

Mineralized  Cobalt. 

Cobalt,  in  fufion,  takes  up  about  one  third 
of  its  own  weight  of  fulphur,  but  then  aflume? 
fo  refractory  a  nature,  that  it  can  fcarcely  be 

fbfed. 


fy&d.  Ircm,  wppcf^  Hi4  iievcnl  adi«r  mcbA^ 
precq>itate  cobalu 

The  common  ore,  by  ro«ftiiig  aad  fiiiiom 
yields  a  r^ulus,  diough  an  impure  one. 

The  green  cobak,  which  I  have  hitherto  fSr 
amined,  dnges  the  oiicrocolimc  hit  indeed  of  a 
blue,  but  at  the  bmc  time  fliews  red  %ott  indi- 
cating copper. 

S  XXXIV.    Zhic^  ripiSne  and  caldmd. 

Fufed  zinc  takes  fire»  lending  forth  a  lamigtf 
nous  vhite  calx^  vhidi  fbon  extinguiflies  the 
beautiful  bluifh  green  flame ;  but  if  the  regu» 
line  nucleus,  included  in  this  hnuginous  mats* 
ter,  be  urged  by  the  fire,  it  is  in&med  now  and 
then,  but  flies  about,  and  as  it  were  explodes. 

When  added  to  borax,  it  ezdtes  a  fpumeC- 
cence,  and  at  firft  tinges  the  flame ;  it  conti- 
nually diminifhes,  and  the  flux  fpreads  upon 
the  charcoal :  But  in  fufed  microcofinic  ialt  i$, 
not  only  occafions  ^umefcence,  but  fends  forth 
feveral  flafh^,  with  a  crackling  ncnfe.  By  too 
great  heat  it  esqplodes^  fending  forth  ignited 
particles. 

The  white  calx,  expofed  to  the  flame  on  the 
charcoal,  puts  on  a  yellowifli  fplendour,  which, 
when  the  flame  cei^es,  vaniflies — ^it  remains  fix- 
ed and  refiadory.  The  fluxes  are  icarcely  tin* 
ged,  but  when  (aturated  by  fiifion,  on  cooling 

grow 
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grow  opaque  and  white*  Atou&d  the  globulei 
clouds  appear,  which  are  of  a  nature  fimiiar  to 
diat  of  the  metallic  calx. 

Diflblved  zinc  is  not  precijntated  by  any  other 
metal* 

That  zinc  which  contains  aerial  add  has  the 
fiune  properties  as  calcined  zinc. 

In  the  pfeudo  galenas  fulphur  is  prefent  by 
means  of  iron.  Thefe  in  general  (upon  the 
charcoal)  fmell  of  fulphur^  fufe,  and  tinge  the 
flame  more  or  lefs,  depofiting  a  cloud  all  a* 
round.  The  fluxes  dxthlrt ;  thofe  which  have 
no  matrix  are  tilled  by  thofe  which  contain 
iron,  and  by  faturation  acquire  a  white  opacity, 
vAiich  verges  to  brown  or  black,  according  to 
die  variety  of  compofition. 

§  XXXV,     Antimony y  reguline  and  calcined. 

Regains  of  antimony,  fufed,  and  ignited  up* 
on  the  charcoal,  afiFords  a  beautiful  objedl ;  for, 
if  the  blaft  of  air  be  fuddenly  flopped,  a  white 
fmoke  rifes  copioufly  and  perpendicularly,  while, 
in  the  mean  time,  the  inferior  part  round  the 
globule  is  condcnfed  into  cryftalline  fpiculac, 
analogous  to  thofe  which  are  commonly  called 
argentine  flowers. 

The  calx  tinges  fluxes  of  an  hyacinthine  co* 
lour,  but  on  fufion  fmokes,  and  is  eafily  diiS* 

patcd, 
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pated,  efpeciallj  on  the  charcoal;  yet  it  aUb 
there  depofits  a  cIoud« 

The  diflblved  metal  maybe  precipitated  by 
iron  and  copper,  but  not  by  gold« 

Mineralized  Aniinumj. 

Crude  antimony  liquefies  upon  the  charcoal^ 
fpreads,  fmokes,  penetrates  it,  and  in  condufionr 
dilappears  totally^  except  a  ring  which  it  leavef 
behind* 

5  XXXVI.    Manganefe^  reguKne  and  calcined. 

The  regulus  of  manganefe  fcarcely  yields  to 
the  flame ;  for  a  fmall  particle  is  eafily  calcined, 
and  a  large  one  cannot  be  made  fufficiently  hot. 

The  black  calx  imparts  a  bluifh  red  colour 
to  the  fluxes ;  the  tinge  of  borax,  unlefs  well 
(aturated,  is  more  yellow.  The  colour  may  be 
gradually  altogether  deftroyed  by  the  interior 
flame,  and  again  re*produced  by  a  fmall  par- 
ticle of  nitre,  or  the  exterior  flame  alone ;  thefe 
changes  may  be  alternated  ad  libitum. — ^The 
caufe  of  this  is  elfewhere  explained. 

When  loaded  with  aerial  acid  it  is  of  a  white 
colour,  which,  by  ignition,  is  foon  changed  to 
a  black*-— In  other  refpeds  this  fliews  the  fame 
phaenomena  as  the  black  calx. 

5  xxxvu« 


/ 


fa  OF  THE  BLOW-PIPE, 

From  what  lus  been  £ud  I  think  it  appareiiC» 
dot  the  Uow-pipe  is  an  inftrument  extremdj 
ufi^fiil,  nay  neccfiiy,  to  chemiftt ;  iox  many 
ezperimcnts  are  daily  negleded,  ift^  Becaufe 
thej  rcqoife  fomacet,  and  a  huge  apparatiu  of 
wflek;— -yet  many  of  thefis  may  eafiiy  be  per- 
iormed  by  means  of  the  q^>aratus  Amt  ^ 
iaSbcA :  ^d*  From  the  want  of  time  neceflaiy 
for  examining  in  the  ordinary  way ; — ^wherot 
die  experiments  above  mentioned  may  be  fioiih- 
cd  ki  a  few  minutes :  21^  The  ufual  method  of 
f  mmSnatWiffi  nqiures  a  certain  quantity  of  the 
natter  to  be  examined^  which  prevents  die  ex* 
7ffimafinit  of  fuch  as  are  fcarce  or  dear;— bat 
in  our  way  the  fmalleft  particle  is  fufficient. 

However,  the  conveniencies  now  defcribed, 
diougfa  of  great  weight,  are  attended  with  this 
defed,  that  they  do  not  determine  the  propor- 
tions,  or  at  leaft  point  them  out  but  very  inac* 
eurately,  and  therefore  are  not  to  be  preferred 
to  the  larger  trials,  unlefs  when  time  or  other 
circumftances  prevent  them.  But  the  firft  in- 
quiry to  be  made  is,  what  a  fubflance  contains 
not  how  much.  And  I  have  learned,  by  the 
experience  of  many  years,  that  thefe  trials  in 
fmall  fuggefl  the  proper  method  of  inftituting 
ejcperimcnts  at  large.    Thefe  experiments  have 
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befides  fome  advantages  over  thofe  condu&ed 
in  crucibles,  viz*  we  can  fee  all  the  phaenome- 
na  from  beginning  to  end,  which  wonderfully 
illuftrates  the  feries  of  operations,  and  their 
caufes  (S  XXI.  xxx. — ^xxxv.).  Experiments 
made  in  crucibles  are  often  fallacious,  as  the 
iubftance  of  the  veffel  itfelf  is  corroded. — ^We 
fuppofe  that  lime  or  magnefia,  melted  with  fix- 
ed alkali,  are  united  with  it  in  the  way  of  folu- 
don;  but  the  globule,  when  well  fufed  in  the 
fpoon,  by  its  tranfparency  permits  us  plainly  to 
fee,  that,  except  the  filiceous  part,  it  is  only 
mechanically  mixed  (§  xvi.).  TTie  moft  intenfe 
degree  of  heat  may  in  this  way  be  obtained  in  a 
few  minutes,  which  is  fcarcely  obtained  in  many 
hours  in  a  crucible  (§  xiii.  xxiii.). 

This  may  be  fufficient  for  the  commendation^ 
of  the  blow  pipe } — ^thofe  who  ufe  it  will  gnu 
dually  difcover  more  of  its  valuable  properties^ 
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